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SUMMARY 


This report covers the 30mm-7Omm Weapon Feasibility Study conducted 


under Contract DA-O)-199~Ord-h59. As a result of the study it is shown that 


it is feasible t) meet or exceed the kill probabilities required at the specified 
combat conditions with a 37em gun based on the open-chamber principle, 

The re,ort is divided inte seven sections as follows: 

Section 1 covers the description of the weapons principle that is proposed 
by this contractor as well as the historical data regarding a limited experimental 
firing program conducted to prove the feasibility of the approach. 

‘Section 2 considers certain other weapone principles as they apply ts 
this study. 

Section 3 is concerned with the design considerations that denonstrate 
the feasibility of adapting the open-cha +r gun principle te « 37m gun having 
& rate of fire of 10,800 rounds per minit® within a weight of 150 pounds. 

Section 4 treats the interior ballistics of this system and shows that « 


' RMBZLle velocity of 3000 feet pex second can be obtained with a maximum pressure 


of 38,000 pourde per equere inch. 

Section 5 covers the exterior ballistics of the 37mm mine type round and 
shows that proper gyroscopic stability is obteined at sea level conditions. - 

‘ection 6 covers the kill probability computations under the specified 
contat conditions, It also gives results of computations based on varied dis~ 
persion and firing time parameters. It is shown that this system attains con~ 
siderably higher kill probabilities at 2000 yards future range than the objective 
specified. 
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Seetion 7 ia a brief treatment of the effect on the maintenance and 
aupply probles of certain features of the open-chorber pun. 
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This study has as its objective the attaimmant of the following minimun 
kiki probabilities at the combat conditions specified. 

It is eesumed that combat takes place at 20,000 feet altitude. The 
attacker's speed ts equal to the fighter target speed cf 100 feet per second. 
The bomber terget epeed ia 811 feet per second. The future range ia assumed 
to be 2000 yards. 

Three Combat Conditions are speci fied: 

No. Lee Pursvit coures attack sgainst bomber -« Px, = 0.59 
Ho, 2 = Pureudt course attack against fighrer -- Pry m 9,26 
No. 3 +» Collision courge attack ageinst bomber 15° off teil -- 
Py 3 = 0.59 sxive 
= 0.62 ripple 

the above Kill probabilities gre to be met with « system whose weight 
does not exceed 2000 pounds exclusive of-fire control. The time of buret is 
limited te 1.0 second maxinun. 

Tha Siem open-chaaber gun and ammuriticn, proposed ag a solution te the 
long range, high kill probability problem, has been selected by this contracter 
after considerable stady of other weapons systens. 


‘ 


™e tar to the development of an ultre~high fMring rate weapon has been 


removed by actually firing Ou: amunition in a gun containing a discontinuity 
in the chanber wall. This proves that it is possible to load ammunition trans. 
verealy, thus eliminating reciprocating parto and inherent mechanical time deLays. 


cour 


the weapons system propased in thi seport exeeeds the objective kill 
probability requirements within the specified Limitations of weight and firing 
time, 

The kill probabilities attained for the three specified Combat Conditions 
at 2066 yards future range are as follows: 

No. 1 «= (Fighter to bomber pursuit) «= Py, = 0.72 
No. 2 «= (Fighter to fighter pursuit) -- PKs = 0.56 
Ho. 3 == (Fighter te bomber collision) — Px, = 0.7% 

Tt has been concluded that this weapons system lends itself to simplified 
fire control since it is possible te obtain high kill probabilities on a pursuit 
eouyse attack as well as a head-on approach. In the letter case opening fire 
may take place beyond S500 yards range, minimizing the danger of collision, 
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SECTION 1 
HIGNGRICAL BACKGROUND 


bafinition 

The open-chamber principle is based on a method hv which it 4a possible 
to eliminate axial translation of anmunition inte a gun chamber, It ig a system 
whereby a round of ammunition is moved transversely rather than Longitudigally 
inte a firing chamber. This firing chember is formed by tve or mora mesbers 
which move transversely at the croper time to contain the round of smrani tion 
prior te Mring. 

This principle may be applied te guns of superior ballistic performance, 
Tt is important that the essential differences be noted between the high pressure 
open chanber gun and those mechanisms employing transverse loading of ammunition 
using a rund in which the cartridge case serves as & chaser. The T-131 beested 
rocket, for example, firing in the T-120 launcher, is in the latter category 
and ig not considered an cpen-chamber gun within the meaning of this atudy, 

The sdvantares of a gun system based on this principle are due to the 
fact that movement of ammunition and gun parts is reduced to a minimum with 
consequent reduction of accelerations and forces. Automatic weavens are simplig 
fied by the elimination of reciprocating parts such as ramming and ejection 
devices, and as 2 reault extremely high firing rates may be achieved, 


Previous Designs aad Experinental Work 


Applications of the open-chamber principle have been tried in tha past 
vy various gun designers but the recults have been uniformly disappointing. As 
fer ag is known, 4&1) previous approaches to this design principle have made use 
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of eartridge coves of efrevlar crons section 


te of thease crerious experimental desiona consisted of two snrocketed 
drone that. formed a charber at their Junction around a clreslar sartridre case, 
& series of cama art looks was required te move around the periphery of cach 
sprocket in order to form the chamber and in order to parmit relative movement 
between the sprockets and to avoid moving sprocket centers. In order to test 
this basic deal gn, the sprocket chamber was simulated by means of closely flited 
eylindrical half-blocks that surrounded the cartridge case. These half-blocka 
were inserted into a heavy-walled tuhe with practically sere clearance. Upon 
firing, the cartridge case ruptured longitudinally at the seams formed by the 
half-blocks. The results of this test indicated that it was impractical to main. 
tain 2 cartridge case intact when fired under high pressure in a discontinuous 
chanker. ind it gaened acparent that a cirmmiferentially continuous chember wall 
was necessary to preven? longitudinsl rupturinr of the cartridge ease, Thera 
fore, it was concluded that s transversely losding high-performance gun was 
Snpractiosl, if not impossible, to achieve in practice. 

Tt is interestirg to note that the Union forces considered the use of a 
transversely loaced gun in the Civil War period. Thia was known as the Ager 
Coffee Mill Gun, invented by Wilson Ager. It was made in .58 caliber size and 
wag designed for @ firing rate of 120 rounds per minute. Cenerically, hovever, 
{t could net be considered an open-chamber weapon, eince each cartridre case 
consisted of a heavys~wmlled cylinier which, in effit, served ag a firing chamber, 
In this respect it was similar to the T-131 rocket case. A full deacrintion 
(References 1) of this gun is giver in Volume 1, Chapter 2, of "The Machine Gun® 
by George M. Chinn, Lt Col, USH. 
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Rene-Gircular Cartris;a Cnenevianber Gan 

Sinte experimental evidence indicated thet the onean-chamber crincirle 
wag impractical for use with a «ireular cartridge cana, it was decided te in- 
vostigate the possibility of use of soma form: of cartridre croas-seetion other 
than cirevlar. The first desirn study, as far as we know, of a proposed pun of 
this type resulted in the arrangement shown in Figure 1-1 (Drawing No. 70030) 
dated 26 September 1951. 

A non-circular cartridre case, which can be indexed, permits controlied 
reinforcement at. the lines of chamber discontinuity. A thinewalled non-circular 
eylinder tends to aseuma a circular section under internal pressure before 
rupturing, the elasticity of the material determining the degree of approsch 
towerd a circular section. It was reasoned that if the non-circular cartridge 
ease vere made cf a fairly elastic material, and if it were supported on ali 
sides, a considerable amount of breech deflection could bs tolerated without 
sausing longitudinal tearing of the case. Surthermore, it was reasoned that 
since the case would be indexed within the chamber in certain fixed positions, 
it would be possitie tc reinforce the unsupported corners at the joints, and 
thue prevent extrusion of the corners into these gaps. This would be impractical 
fin a circular case because there is no simple way of indexing it in fred posio 
tions without adding exterior protrusions and brirging about other complications, 

The basic gun cesign, ae shown in Drawing No. 790030, uses 8 rotary drum 
which has one or nore longitudinal recesses on its periphery. As each recess 
passes the stationary breech, the firing chamber ia formed by the rotary drum 
and the breech. The round of ammunition, also shown on Drawing Ne. 790030, is 
shaped to conforni to the chamber formed by the longitudinal recess in the dru 
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@k She Breda, The core shox: 68 Unis sketch is aporoximately semiecirewiar 
in cross section, although it may be of any convenient outer shape such as a 
triangle, rectangle, eta. It is also seen that the corners are reinforced to 
prevent extrusion of case material into the caps formed when gun parte deflect 
onder high pressure. 

an importent element of the cartridge case design is the internal eyline 
drical sleewe uzed te hold the projectile. The sleeve and its front connecting 
flange form an obturating seal against the rear face of the barrel. ‘Thug it 
my be seen that a completely obturated gun chambed is cbtained by the cartridge 
case within the recesa fsrmed by the drum and breech. 

The gun is loaded by inserting the smmunition from one side transversely 
into the drum recess. The drum then rotates until the aamunition is supported 
longitudinaliy oy the stationary breech, at which point it is fired. The drum 
sontinues its rotation and the fired cartridge case is ejected transversely on 


ee 


the opposite side. ~ 


teing this basic principle, a large munber of different pun configurations 
are possible. For example, the gun may be provided with one or more stationary 
barrels attached to the breech, the number of barrels being determined by the 
desired number of firing positions. In this case, the drum indexes inte firing 
position opposite the barrel, or barrels, and remains setetionary while the 
projectile is fired. Another possibility employs rotary barrels attached to 
the drwa opposite each longitudinal recess. In this case, firing takes place 
as soon as the ammunition is covered by the stationrry breeeh and it is unnecese 
sary te held the drum ard barrels at rest during firing since they are in aligne 
ment at all times. The breech would be made wide enough to keep the case covered 


tek Renart Ne. 09814 76n 


COAFEERTIAL 


* 
mega ser ner yeaa iran iaenren “aigigpraateent = * ‘ ee a er xy 
ah Chet SB eS cS ees = MP RAAT aie JE 


aeememainamemennnetenrnenaenenentibinn 1 attteraehe than aaepalitaneheneeomma imeem sateeenameemamansadiccenntadigebiaienead cast hot 


a 


an ee? 
So Me Ee mg; 18. 
4 M4 b Fhe. 
fant 

. 
a 


SE 


e; ss 
Cee 
: 


* ie 


OT Se eo ae ee ee ee 


Figure 1-2. 
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fer the several miilier cones durin: ti: period of igh oreceere., The eal e eayld 
be covered with an anti-friction compound, such as Teflon, ta sinimice the hirh 
feletion loads that would otherwise be encountered, With this errten ft arsears 
Porsible to attain extremely hirh firing rates with multinpie barreled veanens, 
Present studies indicate the possibility of rates of fire in excess of myc 


rounds ner minute with pms of Jes or even higher caliber, 


Many actuating means may be used to rotate the drun or druwneand-barrel - 


assembly. It is possible to use eich power sourees as pun ras, recoil, external 
@leetric, hydraulic or cas turbine motors, ete. The elimination of any major 
reciprocating parts brings about the possibility of using verv simple drives 
wath mary variations of motive power, 

A major advantage of the poritively indexed round lies in the possibility 
of using pre-engraved rotating bande in «der to oliminate engraving stresses 
and prolong barrel Life. Preper indexing of pre-engraved rotating bands is 
at ffieult to achieve in a high rate of flre weapon with cirenlar cases, 


Test Chamber 

qn order to prove the basic feasibility of the onenechamber principle, a 
test chamber and two cartridce cases were fabricated in May 1952. One of the 
cases, with the disassembled test chamber, is shown in Figures 1-2 and 13, 
The two sasea were machined from solid bar stock, one being made of SAE 1020 


atael; the other of half-hard commercial brass. End caps equipped with wmall - 


vent holes were provided for each care to permit the ascane of Powder gases, 
Provision was made for the insertion of @ preseure gage at one ond ef the test 
breech to measure the internal pressure cencrated oy the virning of the towder, 
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Assembled Test Chamber 
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‘ fe Figures lel and 15 show the mAcucr of icsesbline the teri block, case, and 


pressure gage. Figure 1-4 shows the assembly of the electric firine lead that i 
connects to an electrle smsib located within the case. 7 
; 4 The initial firine tests, with the equipment deserthed, took lace on i a 
; ; 2 September 1953. Tha cases were Loaded with seven to eight prans of THR 6962 1 “ 


powder removed fron 200m ammmition. The case volume was 26.9 cuble centimeters. 


tha pressure recorded in both the steel and brass cares was approximately 15,000 ] mae 
pai. A subsequent examinatian cf the caces revealed no failure of any sort. 3 
Figures 1-7 and 1-€ show the brass case after firing. it: 


Tt ie celleved that these tests represent the firat siceessful firing 


5 
a gis 


at hirh pressure cf a cartridre case within @ discontinuous chamber. on the o ye 
basis of the resclts it was decided that continued development and tessa, with < 
a test cin, were warranted. 

. eee : a » : 


20mm Open-Chanber Tast dun : 


In order to doternine how the interior baliirtics of an open-chamber 


type gun would compare with the ballistics of conventional weapons, a test gun 
and special ammunition were made. No attemot vas made to desipn an optinum pun 
in this instance, but merely to fabricate a firing chamber fittad with barre] 
and capable of firing a hirhepressure round of ammunition without failure. 
The guy is shown in Fipure 1-9, Drawing no. 770610. It consists of « 
rectangular breech (similar te the one used in the original static firing test), 
& sliding block containing 8 triaarulsr lonritucinal recess, and a standard 
?tmn bareel. The barrel was modified by evtiine off the portion containing th: . 
original chamber and threading the reor end to fit the reetan,ular breech, Sinse 


the upper block surface wie curved to simulate the chane of an open-chamber 
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dfum, an auxiliary blech was made t6 fit over it, covering the top of the round ~ 
#o that the entire sssenbly could be made to slide in and ont of the rectangular 
brrech recess. A conventional rsceil sdapter and a medificd 700m cradle were 
used to suprert the gun on's Firing stencd. 

Figure 1-10 shews the entire gon assembly ready for firing. Two different 
types of presaure gages were used simaltanecusiy te ascertain the maximum pres- 


: ware. The one shown in Mimure 1-16 is the same as the one used fcr the original 
7. open-chamber static firins test and is known as the Mutishauser type, Figure 
| tw] shows thia rare assextied in place. A copper crusher type gage waa used 
. on the opposite (right) side of the cun (show in Figure 1-12). Copper cylinders 
and a@ Tarage table were obtained from Frankford Arsenal. 


fipures 1-13 and 1-1L show the assevbled and disassembled round of ammni« 
tion, respectively. The asrunition is of the telescoped type with the projectile md a 
entirely within the cartridge case and follows the basic design uaed for the 
special round designated as Design No. (Reference 2). 
The trianguler-shaped rounds had the following characteriatics: 
Case material «~ SAE 1026 steel 
Sleeve material -« soft copper 
Projectile -~ #99, 2000 grains. Rear rotating band chamfered 15° 
Volume of case -- 3.50 cubic inches (58 cubic centineters) 
Propellant < 42.45 grams IMR 6962 
| Loading density << 0.73 an 
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Closeup of Rutishauser Gage 
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Closeup of Copper Crusher Gage 


Figure 1-12. 
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The projectile waa held at the rear be the brass projectile cunvert with 
& eriap into the projectile crimping groove to simulate the condition octtained 
with a conventional csrtrtdge case. The front end cap, which carried the «yline 
drical front support for the projectile, was brasad to the cartridge case. The 
reser cap was cemanted in slace and contained a thin flange that previdad obtu- 
ration oy expanding under pressure against the interior of the outer case, 

The first Mring teck place on 25 November 1953. Only one shot wae fired 
and the instruments] velocity of the projectile was 2620 feet per secend, which 
corresponds closely to the predicted veloeity of 2600 feet per seeond for the 
known loading conditions. A pressureetime curve, which indicated normal interior 
ballistics, wes obtained with the Rutishauser gage. Study of the pressure gage 
readings indicated @ maximum chamber pressure of aporoxinataly 146,600 pei. The 
eertridge case showed no evidunce of rupture, tither in a longitudinal or a 
transverse direction. The front cylindrical projectile supper was damsged, 
agnarently due to excessive rotating trod tnterferonce, 

After firing it wes determined onal the cartridges case had & permanz.c 
diametral deformation of 0.016 to 0.018 inch. Since the original clearance 
between raeaiver and breech was approximately 0.012 inch, this resulted in a 
tight aasenbdly after firing. Considerable force was required to separates tha 
sliding bleck assembly from the breech due te this interference condition. Tre 
gun perts showed ne permanent set after firing and showed no indication of 
ieeal over-stress conditions. 

High-speed motion pictures taken during the firing test showed .. od 
obturation at the frent and very Little ses leakage at the rear. This slirht 
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pan Leakage could have oemirred tircirh the primer plur threads or around the 
flange of the rear end cap, 

Tt is interesting to note that, as far as is known, thia wa. the first 
shot ewer fired without case failure ondar high-pressure conditions from a gun 
having a circumferential disconcinuity in the chamber weil. 

The test aise showed the desirabitity ef having a case material with a 


high degree of elasticity se thet it can return to its original shape and so 
eliminate post-firing friction loads. This is not as important in an application  ~ 
where there is continuous movewent of the case relative to the breech, ech a2 
the votary barrel open-chamber designs. In this case, friction loads are nini« 
mized by use of Teflon or other anti-friction coate, and the dynamic friction 


Bee Set OR a Mie ase 


da sowewhat less than the static friction between the same materials. 


2 ee 


The second firing test was conducted on 16 December 1953 using the care 
tvidge case that was fired in the first test. This case wee remachined te the 


original dimensions, giving it a thinner wall than previously, A new éront =~. 
evlindrical svpoort was made, and the band interference conditic: was sllewlated 
by Gn improved design of the copner sleevs. The name powder charre wes uaed 
(42,45 grams) with # better powder distritution at the rear by use of @ come 


preased paper filler around the nose bushing. The original case-breech clearanide 


of 0.012 ineh was reduced to epproximately 0.007 inch. Ne velocity measurement 
waa obtalned due to fatlura of the recerding aeraratua, The indicated maximus 


pressure was again approximately 10,000 pat. 


The lateral stetic force required to separate the block assenbly in this 
‘pine wae about oneeha.”’ of that required i: the first test. Diametral pane) 9 ~~ 
manent wpa. sion of the cartridpe cage occurred. The front ond cap, eviindrical : 
Py : 
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auppert, ari case body were undanaped, The rear end cap was split longitudinally, 
possibly tecarae of excensire expansion in the firs. firing test and subsequent 
fellure since the material was in @ pre-strcssed condition. 

Highespeaed motion pictures taken during the second firing test indicated 
mos gas leakera than in the first test due to a somewhat different assenbly 
condition. In this case, the front end cap was not braged to the cartridge case 

watts SIMPLY « lirht push fit within it. Hence the case expanded around the 
end cap permitting a gap to form and cas to ascape. As in the case of the first 
teat, the gun parts showed no permanent deformation, 

& third firing Lest was conducted on 13 January 195), using an alanine 
etrtridgs case of 755-T composition. This material hea « high elastic sindit 
but wery Little elongation, and it was anticipated that the case might fail 
under excessive deflection. Upon firing, the case failed longitudinally in two 
places, permitting & gas leakage and sonsequent. erosion -of ‘the breeéh parta, 
Tide reries of tests indicate that itis more important that the case material 
possess & high elongation rather than a high yield point. 

For this third test the charce consisted of 42.6 grama of Im 6962 powder 
with @ case volume of 59 cubic centimeters. The recorded instrumental velocity 
was 2330 feet per second. The saximum pressure recorded was approximately 
34,0CO pai. Very little force was required to separate the block aanembly from 
the brvech after firing. 

Tt is apparent that an intensive program of materials research and develop-~ 
ment would be highly desirable for application to cartridge cases for openw 
chamber guns. This should include invertigation of non-metallic materials such 
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note a3 fibergias and leminated phenolicc, a= wall ag combustible materials gach 
9 Hitre-celiviose. In the case of the latter, various obturating means must 


be investipated, 
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SECTION 2 
INVESTIGATION OF EXISTING WEAPORS PRINCIPLES 


Combat Confitions 

Ta order to weet the basic requirements of the Jims to Plan Yeapons Sindy, 
it ia necessary to consider only systems that equal or exceed the specified 
wintmom kill, probabilities ursiar the specified conditions. Purther, the weight 
of the weapon ard ammunition aust not axcsed 2000 pourts. 

As stated previously, the «inimum kill probabilities are 0.59 and 0.26 
egainet a beuber and fighter respectively on « pursuit course attack, and 0.62 
ageinet a besber on 4 collision course LS° off the tail. These kill probabilities 
must be achieved at a future range of 2000 yards, which is defined as the distance 
between Ghe attacker and targot at the moment of projectile impact. Present 
range is defined ag the distance betwstd the attacker and target when the projec- 
tile 4s lavnched or fired. It ie obvious thet, in the case of the fighter 
target, ani targets of equal apeeda, present and future ranges are identical, 

The combat conditions are semuned at 26,000 feet altitude. The bonber 
target speed is 611 feet per second while the spesds of the attacker and the 
fighter target are assumed to be equal at 1:00 feet per second, 


Paraw .avs Required to Heet Kill Probabilities 
Th: sini kid] probabilities hive been cauputed by the Baliiatic Research 
Laboratory for the following conditions: 
Maber of projectilea fired cccssscccesssessesessecsssee 100 
Explosive content pax projectile ccccsesssevecess 140 lb TNT 
Weight of profectile seccsscscascceceseocovesccssacss SeO 25 
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Time of flight to Usget at 2600 yards 
POCO PONEE aeccnsacessscccsessessessecsees 2s0 Benonds 


Tine to fire on pursuit course attack ...ssecces 1e0 necond 
Time to fire on collision courses abtack esscsece Oe3 second 

any of the above parameters could vary provided that the relative striking 
welocity of the projectile exceeds L100 feet per second to ensure proper furs 
functioning. 

The firing tive most be held to a naxinun of 1,0 second in order to mest 
conditions brought about by targets of opportunity and to meet muximm survival 
probebllity against a boser carrying effective defensive araament. 

the weapons system specifMeations, including ammunition but not fire 
control equipment, are ac follows: 

TABLE 2~1 
ite ____ Maxtor _Lintte 
Volume ssvcccccscsescecccssetas BO cubic fest 
WSIGHE ccccsccrcceccscesecccesees 2000 pounds 
Length ssccoscsssccsscecesccvessoss Gh inches 
ROCOEL coccssasccccccccesccevee 40,000 poursis 

In addition, no external storss are pernitted, axcept for retractahie 
Launcher pods similar to the one on the FS6D. 


Mathed of Approach 

In considering the pogsible variations of the outlined prejectize and 
weapon paransters, it was realized thet extremely high firing rates would be 
required, in addition te relatively short tine of flight. 
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The time of Slight of 2.0 seconds means air travel of 8800 feet after 
launching or firiag, before impact, at 2000 yards future range. The average 
Velocity of LLOO feet par second would be difficult te obtain by means ef con- 
ventional propellasts. Therefore, it was clear that sane of the othir pareneters 
would require medification in order to relax the time of Slight requirements, 

Sire firing time was fixed at a 1.0 second auxiows for a pursuit coures 
attauk, there wers only two significant parameters left for consideration: 
explosive content, and number of projectiles fired, 

A study of the vulnerable area curves in BRL Note 607 shows that « 
fighter target requires & maximum of 0.6 pound of TNT on a pursuit attack. 
Beyond that, no purpose would be served by increasing tha HVE, content since a 
condition of "overkill" would be obtained, 

The vulnerability curves for the bosber target show thet the vulnerable 
area ia not Lineer with H.E, content of the projectile in the range considered, 
Therefore, it was concluded that it would be most advantageous to increase 
the number of projectiles fired, and decrease the HE. content, in order te 


compensate for an increased tims of flight. . 


The following modified system characteristics were set up as a first 
approximation toward a solution: 
Wunber of projectiles firwd cesescscenccssesees 200 nitiinun 
HE, content (minimus THT equivalent) ..ccscescs O50 pound 


Time of flight te 2000 yards 
futare BAUNLE ceascascacesanseseseenes 2.5 te 340 ssconds 
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‘eric types of mianileg way &+ considered aa possibie salutians 
be the roth 3¢ pisting the specified Kili probabilities: 

Bete propelled by rocket notere onty; 

Ba tad sackets whieh are Jeunohed or fired out of a gun tarrel with 
& swodtei aL Liat selensty that is inereined 9 & higher terninal velocity 
by mians of € FO 4) coter; 

Gu aeft. ty ealaatiles having ne akiitional rocket power, 

Roots. + say -© exieting rockets stowed that the desireble size would 
be in the 165 to 0 au, ctemeter class. The weight of the rocket wes aseuned 
to be tetwen 3426 yes, A brief analysis narrowed the optimum gise dow to 
eprrotimately i.: to . 7 t-ohea, 

TS wae tor. ude tha: while @ rocket in this sise range would meet the 
Kei. probability rents ent. up to 1000 yards, it would be virtually impossible 
to met the somiii. ASC, 2.0 yards fature renge. To do eo it would require 2 


burnt velocity far ger isan may be achieved with propellants kmown to this 
Contractor, 


Boouted Rosi’. t#. 4:2 rockets considered in this olsas were also assueed 
to be betwen 1.5 >x4 2.6 inch an aise. Either fin or spin stability could be 
sonaidared since it vee isumed thet a mussle Tilocity of approximately 1000 feet 
Per second would be ot stad, 

Spin atadility yas eliminated ac a porsibility in the 1.5 inch aise 
bevauae it would be vir, srerseult, if not impossible, to have @ warhead of the 
required RZ. content +14 g¢i11 maintain a lingth/dianeter ratio anall enough 
for proper stability, . 
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However, & spin-stabiliced, <<inch, boosted rocket waa considered as 4 
possibility. It wae roasoned that since the 2.75-ineh T1321 rocket weighed 
S02 pounds with 1.0 pound of explosive, it would bs possible to obtain a similar 
2-insh rocket for about 3.5 pounds with 0.5 pound of HE. filler. However, tie 
burnt weight would not te significantly higher then thet or the 1Seinch rosket, 
and the exterior bellistice would therefore be inferior, since tie ballistic 
coatfistent vould be lower by a factor of d2/a5 where d, is the diameter of the 
L.Sainch and d, of the 2.0-iash rocket, This assumes that the drag cowfficient 
vould be equal in both cnsex, The Cinatebilized rocket would no doubt have « 
acurunat higher drag coefficient because of fin resistance, 

Another reason for considering the 1,5-inch rocket is that less Zromtal 
axea would be required for launching tubes. - 

Tt wae decided that individvel launching tubes vould be preferable to 7 
automatic lawwhers, since it would be quite difficult to achieve the required 
tiring rate with the latter. Moreover, a finestabllised rocket is fairly long 
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ant deos not require much sore than double its own length of travel in order to 

achieve a murals velocity of approximately 1000 feat per second vith an average 

pressure of 6000 pounds per square inchs 
For simplicity, it may be asrused that a l.45<foot tubs is used to obtain ? 


1000 fee’, per second mussie velocity. With an average pressure of 6000 pounds 


per square inch, 
F = 6000 x 1.77 = 10,700 pouris. ; » 
Anwuming the rocket weighe 3.25 powsla or hag 4 mags of 0.10 slugs, 


ae Eo 0p « 107,000 tt/seo* 
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t fr - 4.00935 second 


¥ = 107,000 x .GO93S « 1000 feet per secend 
That La, the average pressure of 6000 psi vould suffies to give approxinately 
1000 feat per second murzle velocity, 
The smucizun prassure would be on the order of 10,000 pai. 
Acmmming an average pressure of 6000 pei, the average wall thickness for 
70,000 pedi yield point would be 


6000 x 1.5 oe 
76, x2 «tds inch 


An aluniman tube 60 inches long, with the average wall thickness stated above, 
would weigh approximately 2.0 pounis, 

Aswming & booster propellant weight of 0.5 pound ant 1.8 for the rest of 
the tubs assexbiy (end cap, priner, asst -other accessories) there would be a 
total weight of 4.0 pounds per round in launcher equipment exclusive of retract 
able pods. 

Asouning the rocket to weigh 3.5 pounds, the total weight would be 

4s0 + 3.5, or 7.5 pounds per round. 

The ammunition and launcher load of 200 rounde would weigh approcimtely 
1500 pounds, which would leave a confortable mergin of weight for pod mechanian 
and structure. 

A briel study indicates that the time of flight for the boosted rockat 
would be approximately 2.) seconds to 2000 yarda future range, This is based 
upon a drag coefficient of 0.50 aad a burnt terminal velocity of [000 feet ner 
esaend, which fe arrived at as follows: 
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“ERNE LS WELOG EGY 2c ee eesisececcocsessee LOD feet per second 

Phare epead cccccsssesescsascsscseeses LiOO feat per second 

Rocket Q6G18b ...cceescecsessccseceese 2000 feet per secend 

Total ..cceccccersases RM fect per second 
. Brief analyais indicates that this configuration would be capnnle of 
méesting the kill probability requirenenta. However, it is possible that the 
drag coafficient of 6.56 is rather optinistic for a rocket of this sine; this 

would influence kill probability by increesing the time of Plight. 

Qun-Fired Projectiles. The previous recket analysia indicates that « 
projectile of approximately 1.5 inchse dianeter carrying 0.40 pound of HE. 
would tend to approach optimum conditions for meating kill probabilities with 
sinimm total weight of installation. This pointed to a 37mm sise projectile, 

In considering methoda of firing at least 200 37mm projectiles in 1,0 
wecond, several approaches were considered besides tha open-chaaber principle. 
These included tha “eypcirt-gun" or Zettl principle of firing several projectiles 
et om tine out of a eingle charge container. The principle of firing longi- 
tudinally stacked projectiles out of multiple barrel insteliatione was alan 
considered, 

The conclucion was reached that the open-chanber principle was sore 
apphdcshle to this study than other principles as far as guns are comerned, 
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SECTION 3 
DESIGN CMM IDERATICNS CF GUN ANU ANMUNTTION 


Characteristics 


Qverald LEngGth cscvcssencscsecseccesscerccaccsecsececessessss fe inches 
Overall Height ..cccscecvecssceseccssscccsesssaescesscosssees 16 inches 
Owerall Width (Without Drive} ......cccsscsseceresccssesees 12,5 inches 
Operatson cecsoscscccevcvcsncncccessuccsccseccoccccssocs External Drive 
Rate of Fire 2. cceccccecceccscrsacestccsessses LOs800 Rounds per Minute 
Total Weight (Including Drive) ...sssseerecersesecee U25 Pounds (Approx) 
Total Wateht (Without Drive) ox... ..cecseessccesceess 350 Pounds (épprex) 
Muz2le Valochty ...ccccccescesvvsevusesessscscesee 39000 Feet rer Second 
Maximum Powder Pressure ..e.csccccesesnccesvsesseess 10,000 psi (Approx) 
PEPLIng  occcceeeessesessusseoess Uniforms Deiat ~- 2 Turn in 3 Calibers 
MPCOLL DISLANCE cisccciccedsccceerecsacdsoesdsebicencsecvecsse O06 Inch 
Recorl Load civcccceesccccncesceccsvcvevccecceroscse Under 15,000 Pounds 


deniation 


Weight of Projectile ......cee sc ccc en stcerceceeseecesvencsze be35 Pourcis 
Weight of Powder CHATGO se eceseeeesscesveceeesesestereense ss 6.36 Pound 
Weight of Complete Round (Ineluding Link) cccccceeccreesvees 2250 Pounds 
Type of Powder cocsccaessccrescccssenseacccsaves UOUdle Ease Composition 


Report No, Oy-Le 9B cs 


CGM ee Ve eee ON 


ene og 


CONF EN tal 
Type of Projectile AERC RER SER AHORA ERE OE Seeeeeeesereaavee HLE. (Hine) 
Weight or H.E. (maz or ex} PROSE SCARE CSOD ETeH TAKEO RC eREE eS O.L0 Pound 
Type of Rotating BG Sse diese a nd no bela 9 OW sie wee es afeiee eeateee Preeencraved 


Generad Description 

The general configurations of the F7mm Oven Chanber Gun end aseunitios 
ave shown in Drawing No. 790319 and in Figure 3-1. This gun is eqeipped with 
four barrels attached to a retating drun by interrupted thresds or some other 
quick-locking means. The roetatiag drum has four longitudinal recerses -— ona 
opposite each barrel. The sintionary breech, which provides « front and rear 
bearing for the drum assenbiy, forms a heavy beam structure at the top and 
botton. The bean structures (shown in Section A-A of Drawing No. 790319), with 
the longitudinal drum recesses, form the Maing chamber. 


Each time the drum and barrel assembly rotate opposite the stationary ¥ 
“breech, the ammunition is fired electrically. With the combination of four 
of barrels and two firing positions, cight shots are Mired at exch revolution ef 
a tie drum. 

A tack plate, which io rigidly fastened to the drum assembly, supporte the 
cartridge case axially during firing. This plate carries a firing pin opposite 
@ach recess that makes a wiping contact am the firing position is reached. & 


fixed can, so‘ ached to the breech, forces the Nring pin forward against the 
electric priner at tha proper time. Since the fring systen te sieple and of 
conventional design, it is not show: on this drawinr. 


is Linked together by collapsible hings-like fiat strips. 
There are two firing positions; therefore two belts ave fed transw rcely, ore 
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. 2b the tog end ont at tie teties. As g6cn as the Mree case is uncovered during 
sontinusus rotation, {t le ojecte.\ radially by centrifugal forces and by two 
@jeeters, which are located at the bottom of each of the longitudinal drum 
grooves st the front and gear of the case. The ejectora are actuated by fixd 
cams located in the breech. 

As shown, the cartridee case is triangular in seetion. This shape ro- 
quives mivimam storage volume since two rounds may be stacked so that the bases 
6f the trieneles are on opposite sides, thereby fomiuing a trapezoidal section. 
Hence, there would be practically no waste srace in a atorage box, 


The following equation expiecses the theoretical maximum nunber of rounds 
that could be stored in a box: 
Nae. 


ot uhere 
a W m= munber of rounds 


A = crosc-sectional area of bax 

b&b = width of base of triangilar case 

ee 4 h™ heicht of triangular section 

ae This number would te red ced somewhat by the space required for the linking 
i 7 4 systen and by the fact that the rounds have a modified triangular cross ssetion. 
ie The drum and barrel ascenbly are rotated by an external power source. 
Although the horsepower requircnents for driving the assembly are fairly high, 
they can earaly be met by a compact, licht-weight, short-life gas turbine operat~ 
ing at high speed. ‘The cases for turtine operation could be furnished by car- 
tridgen, rocket motors, or some similar means. Gun gas might also be used to 
sustain an initial rotation started by a siall power unit. A reduction gear 
would be used to obtain the required rotational velocity of the gun. 
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Befere firing, the gun is brought up to speed within a short period of 
tins (for example, 6.10 to 0,20 second). During thia acceleration pericd, tte 
i ammunition belts remain stationary. When firiug taken place, the firing circuit 
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: 4 a is energized; simultaneously a sclencid-operated paw) forves ths first rvund 

4 againet the reteting drum. As soon an # drum recess appears opposite the first 
4 round, the round starts to exter ant is carried around by tha drun to the firing : 
| ' position. The round dees not have to enter the recess completely since a fixed 


feeding can, attached to the breech, guides the round inte the receas as it is 
carried around by the dros. 

; Sines the belt links are collapsed, only ons reund ot a time is accelerated 
< q wich precludes high belt loads. <dreoves are provided in the drum so that awme 
4 nition Links may pass through the gun without deLinking. The collapsed Links 
i are analogous to the couplings of individual cars on a long freight train that 
are positioned so that a locomotive may accelerate one car ata time. It is 
possible to conceive of a munber of possibilities for cartridge case disposal. 
They may be delinked after firing by means of pulling out the hinge pins if it is 
desired to dispose of them overboard, or they may be conveyed back to the original 
storage space. | 


Because the eeemnition belts remain at rest while the gun is being acewl- 


erated, it is possible to fire one belt and keep the other in reserve. However, 


once a belt is engaged, 1% must be fired out since it takes only 2.0 secon to 
fire the 90 rounds, 
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a . In onder to determine the feasibility of using collapsible smmunition 
links oy Kinges, ani of feeding the firet round when the gon has reached proper 
retational, welocity, a full-scale wooden mockup was made of the gun and ammuni- 

' tion tlt (ase Figures 3-2 through 3-6). The drum and barrel assembly is rotated - 

by aeans of the handerank. The first-round actuator simulates the solencid- 

operated mechanism of the actual gun. The actuator strips, which pass through 
the drum Link sicts, are fastered to « pulling handle at the opposite side of 


: y the gun. 

ig While the revolving parte are being accelerated by the handorank, the 
: collapsed asmunition belt remains stationary. When these parts attain the 
desired rate, the feed operator snaps the first-round actuator handle, thereby 
engeging the first round and feeding the-erttre belt. The spring-stee), fixed feed 
cane, sham in Mgure 3-5, guide the wooden ammunition into the drum recesses. 
This wooden mockup gun has been successfully operated at 250 rpm which corres< 
ponds te a firing rate of 2000 rounds per xinute. 

Slowmotion filns taken of the belt action demonstrate the action of the 
oollepeed Links as well as the method of engagement of the first round. Figure 
306 showe the belt in the collapsed and the extended link positions. It is 
believed that with the use of Teflon-covered cartridge cases, the low coefficient 
of friction of the actual ammunition will wert successfidl Mrst-round engage+ 
mont at the rotational speeds required to meet the desien obfectives, 
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feo rounl ia serentially composed of the projestile assembly, cartridge 
sage assembly, propellant, and priner. (See Drawing No. 770376.) ‘The cartrisge 
cava iz triangular, wut may be semi-circular or keystone~-siaped. Detailed 
atalysis would be vecossery to detemsine the optiaun shaps for « given set of 
comiitions. Tee aluminu: cartridge case aesenbly consists of three principal 
parte: the case, the front cap, and the rear cap. The sase may be made of « 
continous satrugion cut to length, the link ears being formed in the ertrusion 
process ami the undesired portions being machired off. 

Sse Prout cap hes a thin obturating Mange within te main case ani a 
eyliniricel sleeve to support and properly imiex the pre-engrevead projectile. 
the eleeve hoe on indexing ridge cr groove that engages the rotating baad and 
ali ges it with the barrel rifling. This eleove aise has radial exteneions at 
the war for axial centering. The rear closthg cap also has an obtarating flanges 
amd & support for the reer of the projectile of hesiepherical, shape, In onier 
to obtain satisfactory ignition, a side vent primer (as illustrated), loaded 
with a cuitable quantity of black powder is recommended for this configuration 
ia proference to a% om vent type. 

The rt volume witn thw projectile in plave ie 17.0 cuble inches, which is 
saffiviest, with a deuble-base powder coupesition (such aa M2) to give the 
required interior bellisties, {See Section £, “Interior Ballistics", ) 

A ahotestert devise (a shear pin, for example) may be used to hold the 
projeetiie in place during “se early stages of propsliant ignition. 
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Projectile. 4 detailed analysis of the projectile is required to ascertain 
whether it can mest the interior anil exterior ballistics requirements and whether 
4% has the volume to contain 0.10 pound MOX or H.Z. 

Since the geanetry of the aammition indexes it automatically with respect 
te the barzel rifling, pre«engraved rotating bands may be used. They may be 
fomsed as part of the shell body, or made as asparate unite and attached to the 
body by walding, brazing, or some sinilar process. In any event, no band score 
de necessary within the shell body. This condition ia desoireble becaure it 
deeves the wall intact ard peresite minimum well thickness and maxim explosive 
volume. 

& detailed stady of the fuse has not been made. It ie believed however 
thst a suitable fuse could be designed that would weigh 0.20 pound or less. Tho 
fuse should be not only completely bore safe and detonater safe, bot it should 


” awe both a meane for self-destruction and 2 ‘self-selecting delay te give proper 


high-order detonation after penetrating light or heavy targets. For high-angle 
obliquity impact, it is believed that a circumferential front cutting-edge, 
ginilar to that of the North Aserican i.5-inch Naka rocket, would be desirable. 

The projectile, including ths retating bands, say be Teflon coated te 
nintwise bore friction. In order to minimize gas leakage past the rear rotating 
band, a seperate, thin, cbturating ekirt is fastened to tha shell body just aft 
of the band, The skirt, which would be made of soft copper, would expand radially 
into the rifling. 
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Fune Covity # .785 x .75° « S08 .22 cubie inch 

Hement of fuse Cavity = 002 x 5.65 = 1.245 inches! 

«*s Net Explosive Voluss = 4.114 « .220 = 5,89) cuble inches 
Yet Explosive Nonent = 17.205 ~ 1.245 = 15.960 inches’ 


\ 


‘pte nm 


CG Byplosive = ae = 2.70 inches from base 


Assuming MOT has specific grevity of 2, 
Tessity = .072 poumt per cuble inch. 
fence, wight of explesive = 6.89) x .072 » .£23 pourst (40x) 
{¢% 4¢ apoumed that the fuse weighs .20 pound and ite 66 de §.19 inches 
Prem the tese of the projectile. 


TABLE Jol 
WRIGHT AND CG OF PROJECTILE 


Rxplocive Filler 0423 2.70 LedhS 
Pure Pr 6 8 6.45 ded 
Total 1.343 4.h2S : 


watts ar ae is i : 


00 » BeHEF 03,30 ivneheo from base of shell. 


Sones, it any be seen thet .0 pound of MOX, or PSX, is a reseenable 
sseumption for the explosive Miler. 
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Swess Analysis of Sheil 


Strese inalyeis Culoulationss 


ye[eerer? ena) 


¢ * Resultant (clastic) stress 


the following ie extracted from BRL Technical Hote 771, Appendix IIT 


4. 


X, Y, aad 2 ave the three principsl stresses at a point 


Tensile stresses are positive, cospressive stresses are negative. 


Considering tiw shel) wall aft of the rear rotating band, <, Y, and 2 


iy. It ig now aececsary to check the weakest 


we the axial, cireunferential, avi radial stresses Sy» 8,5 and S,; reapectively. 


Mhat is, 


SN NS ATER OSTA ET remrere o 


pai 


P = gee preseure 
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st 38,000 (approx) pei 
R, = inner radius of section @ .62 inch 


3617 


e 
. 

& 

| 


a 


wuld; 


Ry = guter radiae of gsction = . 3 inch 
Ys weight of sxelt 7 1.55 poumis 
¥, = weight of filler = .40 pourdd 
Wy = weight of ateel shell + fuse = .40O + .20 ® .80 pound 
ahead of section being conidered 


se 000 ‘es 
a pee abe [a+ eB] 16,000 


1- 
8, * -175,000 pei 
2 = &, = ~38,000 x y4t (22)* = -16,000 pat 
From Equation (hb) of BRE 771, 
Fug @-N +h (e-L-Y* 
where the barred syedola are the unbarred ones divided by f, which is the yield 
otress of the material, asauming f * 175,000 psi. 


/ : X= Tea m 485 


¥= 23 oa 1,0 


Rei ttle 7 


i 7 ws 236,000 
* p TH OOO #091 
# = 8 (-.u85 + 1,0)? +f (-c2 x 092) + bas + 2.0)" 


* 199 + 429 = .628 


2 ar wees 4 
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72. 
¥ * .792 % 175,000 @ 134,000 pai combined effective stress. 
Although this fMigare is somewhat high it ia in the reelu of fsanibility. 
& detailed design study would undoubtedly improve this condition. 


Moment of Inertia. In order te determine the gyrvacuplis atability of the 
projectiles in flight, it is necessary to obtain the axiel and the transverse 
moments of inertia. (See Section §, "Exterior Ballistice*.) 
axial 
i. Shell. Rantephers 


1, o}ur * .33 x 08 2 68° = .O132 Ib in.* 


2. Shel Cylinder 


1, =p wp? = 025 x 0493 x 1.35" = 0197 ab An.” 
3. Shell Ogive (Equivalent Cone) 


eae oe RS 


t, @ $5 r= 32 +195 x 68" = 027 ib in.? 


1,035 8" = 3x .2Oz 50" = 015 ib in.* 
La §. Sxplosive, Raadaphere 


1,03 ue" « 20 x .059 x .63* = 00h? Ub in.* 


-) 2 x 1. x ones * * 


b 

} 

% Explosive, Cgive (Equivalent Cone) | 
T,™ 3 Wy? = 13 x 088 x .63* = 0201 Ib in.® 
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pore cone ce eee ee Se rere 
psi ee ers = ang : i : 


fotal Av'al Moment of Inertix = EI = .3257 2 in.” 

: i-7 

Zeapsverse Moment of Tnertie sbout Co 

i. Slt Healsprers h = distance of centroid to CG of shell 
t, 81, + 8,8 = OL + .086 x 2.57 = .5632 1 An.” 

2. Shell Cylinder 


¥, 
Ty qe (on + 17) + wine 


- ap é x 68" + 3.42") + oh33 x 86" = +8420 ib ane* 


3. Shell Oxive (Rautvelisnt Lone) 1 
x” 2 ye 
By = mag (o" +f + Wap? 
2 
= 22519 (68° + 2200") + 195 x 1.8967 = .4826 Yb in,* 
le Fors 
a, = ag (2 + By oak 
a 25220 (507 + 1:28") + .20 x 2.85" = 1.6hh 2b in,® Pe 


5. Explosive Heni sphere 


ty = Ip + Whe = .00k7 + .059 x 2.57 = 13947 Ib ine” 


6 Explevive, Cylinder 
2 
% %, a ‘ 


2 a und 
= 302 (SR + Se 06) = 565 1b in? 
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fe Seplosive, Ogivs (Equivatens cone} 
#7 to bi oat 
= 2% c083 ¢ 695° + 2:00") 4 0085 x 1.498% = 2097 wb an.” 
Total frenaverse Moment of Inertia shout CO 
Teyt = hw w in? 
1-7 
. in Section 5, “Exterior Ballistics", it is shew thet with the parametera deter- J” 
& mined previously -- rate of spin, moments of inertis, location of canter of fee 
i ' Li gravity, etc, -- the projectile is stable at sea Jevel. | e 
a | Me Round Fei b 
— Cantridge Case. Ee 
= “ : i. Body Area = Average thickness tines perimeter : | 
— Cross-sectional area of wetal = .05 x 7.5 = .375 aq in. — 
— Volowe = 375 x 8.75 = 3.27 eible inches ee 
.. Link ears = .10 x 2 = 20 cubic inch 
og 2. Frost Cap 
y E Front closing section = 2.7 x 2.5 x .50 x 18 * .60 cubis inet 
_ Cylinder = .785 (1.70% ~ 2.5%) x 3.0 = 1453 ouble inches 
i Cylinder Supports = .50 x .12 x .75 x 3 = 155 euble inch 
no r 3. dear Cap Be 
— 2.7 x 2.5 x 50x .30 © 1.01 cubic inches 
<< 2S Prinet = .788 (.68% - 250°) x 2 © 433 cuble inch 3 o 
e Projectile Support = .20 cuble inch 
|: Totsl = 6.28 cubic inches = .628 pound. | 
mo 
| - Report No, $9-Le7-D 3-21 
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ad 3 


3 Hinges © 1.0 x 06x 2.77 22 © 33 conte inches = 
P | - 233% 10> O39 pound par round be 
: fotel weight per round s 
: Case Assembly = .626 
Hinge 033 
q Projectile = 1,350 
| Propellant = _,hso_ 
2b pounds 
It may be sueuned thet 2.50 pounis per round ie sufficiently close. 
Stress Analysts of Gun . 
Although s detatled stress analysia of the gun is not within the scope oF 
of thie study, 1t is advieshie to conduct a cosprohensive analysis of the bar- 
rel. It is also important to study the critical sections of the drue and bresch = 
ia order to determing approxinate weights and power requirements, i 
Barre2. Tw following barrel anslyois is besed on the method outlined .e 
in Reference "2"; ; 


i 
Soe “ Resultant strese at inner surface ~~ psi { 
on" = Inner pressure ~~ pai [ 


"s 
= s* = wall ratio 
1 


we 

P, * Outer radius of tubs -- ‘rchas ft 
Tr, * Readius of bore -~ inches f 

£. 
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According to neferencs °° a factor of safety of 1.3, ami « wield ctr apt’ 


ef 130,000 psi is taken for the 30mm T-166 gun barrel. This factor is used to 4 
compensate for loss of gum material strength at elevated temperatures and to 
allow for stress concentrations in discontimioas surface, such as barrel lLecks 
and interrupted threads, 
Since it is beliewed that the major pertion ef the barrel wall will net 
‘ewe time to reach a high tempersquire while firing, « factor of safety of 1.2 is 
ae felt to ba ample. The yield strength of 130,000 psi may be raived considerably 
. i. by cold vorking or by auto-frestage methods, as well as by inproved materials 
: and heat treatment. Hence, 
7 Sen * 130,000 pai | 
, 4 P, = 1.2P pat oo 
. P ig the unit powler pressure in the bore et any position of the projestils. a 
; For P see Section kL, "Interior Ballistica*. i ee 
Tr, * «19 inch = tore radius, \ 
a = ant = tron a= Et . 
Leda -1 Py 
ae - #1 
' Collecting teres: 
Poly (a? ~ 3yuH anu? + (a? - 1) #0, > 
Pe Report No. 09-1870 3-23 
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TABLE 342 
BARREL STRESS ANALYSIS 


2 ‘ 
Station Distinee fron P «= Ib/fn. P, = 1.27 1,000 
fear ~~ Inches (Pron Sea. 4) a am - a 


2 3.10 37,800 LS, 400 2.86 
2 12.10 0,20 36,900 3.52 
3 16.46 26, 300 32,506 4.22 
4 26.95 22,000 26,500 4.90 
§ 38.20 27,900 21,560 6.04 
& &7.0 th, 500 17,400 Teh 
? 56.83 11,900 1h, 300 9.08 
TABLE 33 


BARREL STHESS ANALYSIS (coNT‘D) 


Station eT 2a? 7 s(h2u3) tata) oo 
1 2.86 8.18 66.91 16.36 267.64 1n6.6 9 2.64 
2 3.52 8612.39 «6153.55 1B 614.00 b26 . 2.05 
3s - WelZ— 16697 = 28TH = 33H = «1, SLE 891. 17? 
& b.90 0 hk KS LBLO2 2, 306. 1,935 1.60 
S 6.5 36.48 1330.8 72.96 5,323.2 i, 790 LehikS 
6 7.46 55.65 3096.9 211.30 12,387.6 12,500 13k 
7 949 82.45 6799.0 144.90 27,192. 25, 950 1,26 
pth Report Ho. OF-M7<p * 


BARREL AMALYSIS (COMCLETED) 
Station Distance from u > Wali Thick- OD «= Inches 


i 3 1,62 2.235 hb 2k: 2.56 
2 12.30 4.43 1.07% deh Z.ih Zekks 
3 38.40 1.38 1.005 e256 ?.04 2.08 
& 26.95 1.265 945 ol 56 189 1% 
§ 38.26 1.26 0G 03S 1.86 eS 
é &7.70 3236 «868 oe 1.7% ia 
? 56.83 2elZ Sid O92 1.66 1.56 


It may be noted that thy barrel eections have been increased beyond the 
computed atrength reqeiresents in order to provide bearing surfaces exd greater ] 


stiffness. 
tewe and Ereech, Migures 3-7 anc 38 outline 2 preliminary stress anaiysis . 
of the dros and breech respectively. as 


tm the case of the drum particularily, the stresses appear rether high, 
This eondition can be improved in actual design by providing a larger redine at 
the bottom of the recess ao that the volume of the case would reaain the ome a on 
tat the critical section of the drum would be increased since the recess would | 
be shallower. j 

As an oxmeple, if the critical section of the drum were to be increased 
to 3.5 inches by making the recess 0.25 inch shallower, the following would be 
the approximate stresses 
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Figure 3-8. Stress Analysis, Breech 
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ote 4 
; 5 x ca 102, pai 
as 


f, m SEz,so Neos 30°) @ 20,500 vad 


Total streets 2 122,500 pai. 

This is only cna of nany possibilities that might be explored to improve 
ntress conditions. 

The breech stress of 127,800 psi may also be improwed by redesign of the 
esitigal eection. For example, making top flange (3) (ame section shawn in 
Tigusyw 8) dinch thicker would decrease the stress cousidarably, yet add only 
approximately 6.7 pounds to the overall weight. The total area, A, of the 
section would be increased by 0.4 square inch. 

The mement of inertia, I, would inecroese to 2.4 inches’. Hence, 

£,, * 90,000 pat 
2, = 14,800 pei Rear 
Total etrese = 10:,800 psi. =< 

These stress figures are presented only for the purpose of showing that 
the basic degign ie reasonable. Future design work should take ints account 
allowable endurance stress levels for 2 predetermined life as well as plastic 
redistribstion which tends to lover stresses. 


Weight Anal--i9 and Homont off Inertia of Rotating Parts 
Bavrel. The berrel is considered as being made up of four dlenetral 


sections: 
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BARREL, WEIGHT 


vee 


Section  6-~Inches Langth--Inches Het Area of Volum ~-« 
Section + Cubie Inches 


i 2.8 5.00 3.382 15.9 
2 ‘ fron 17.00 2,07 35-3 
2b to 2,6 ioe 
Ave * 2,2 : 
4 32,00 bb .00 1.423 5465 a8 
- ho LS 30.83 1123 Bho? po 
Total 91,05 ee 
js Woight of berrei * 91.05 x .283 = 25.7 pounds, } - 
ea j or 26.0 pounde in reund Nigures. be 
oy Weight of four terrels = 26 x ik # 10 pounds. re 
¥ 2 g ne 2 
14 (om exte) 7 8 (Dy + D5) B, 7 2.2 In. Average a 
ee i, m 1.8 In. ie 
= 91.5 YW tn,” oe 
2 : ce 
TCaete of retation) * i, + F* 2.95 In. 
= 91.5 + 10k x 2.95 = 995.5 1b In.” | 
- Drum Assembly. The drum assembly ie considered as being made up of : 
: seven positive volumes and four negative volumes (holes, recesses, ato,). ‘the : . 
4 following tabuler fom simplifies ths cuicna and moment of inertia computations. & 
a 4 
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Net Srus Volum = 72h.1 
~ 335.0 . 
379.1 extic inchea 
Net Drum Assembly Yeight © 379.1 x .283 = 107.5 pounde 
Net I= 5808.2 
- 3036.5 
277.1 inches” x .283 = 765 Ib in.” 

Barre] Drive Support. This unit is analogous to the front barrel support 
section of the drum, therefore we add sections 2, 3, and 5 of Table 3-6 and aub- 
treet section 9 of Table 3-7. Henee, 

Voluae of Drive Supper+ = 128 + 20.5 + 4,7 ~ 99 
# 59.2 cubic inches 
I 125h + 22,9 + 24.3 = 930 = 370.2 inches” 
= 305 Ib in.” 

Total Peight Rotating Parte, 
Barrels -- 104.0 pounds 
Deon Assembly -- 167.5 pounds 
Drive Support --_ 36,3 pounds 

Total 228.3 pounda 

Total Moaent of Inertia of Rotating Purte. 
Barzeis =» $95.5 Ub in. 
Den Aesewbly -- 705.0 15 in. 
irive Support «- 105.0 ib in, 

Fo tad 1885.5 Ip in. 


so Se & L076 slug 20? 


These figures are used in a subsequent power requirement anciysi«, 
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é de considered as being mands ep of seven sections £2 


THEIR 3-8 
DREECH VOLUME 
4 Section  Degeription Dinensiens -- Inches Yolume -- Ince” 
4 I Reap Spindie U.0 CD x 2.52 Dx3.5 long 7050.0" - 2.57) 33.5 - 
Seoring w 26.8 


2 trent trum 10.75 CD x 7.OR Dx 3.5 long «789020. 75" - 9°) x 3.5 
Bearing = 93,5 


3 Wertdeal 30.85 In.* x 1.0 thick 30,85 = 1.0 2 
Center « 61.7 
Flange (2) 

& Tuner Flanges & wide x 1.2 thiek &el2@2zi3 «2 

5 Cuter Flange 2.4 wide x .7$ thick 2.4 22 x 20K 2 
(2) x £6 long = 72.9 

~ & Rear frase 2.5 high «x Twids 25x1.x.6xh 

Fiange (4) 75 thick ~ = 2.5 


Pront Brace 114 dia x .6 thick 3.4k x Ub es 6x oF x2 
Flange (2) y 49 wide ~ 38.5 


eee} 


= . ~ . 
a are Ryan ad Wee he re 


fotal Breech Volume » 425 cubic inches 
oa fosal Breech Keight * b25 x .203 © 120 pounds 
Barrels == 208.0 : 
ad Drum Assenbly ~~ 107.5 2s 
wel Drive Support -~ 14.8 : ce 
“A Breech -~_120.0 . 
“4 Total 3h6.3 without poner plant : 


* 

z 

‘ 
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It has been gatineted thet a short-live, nigh-spead, gae turbine pln ti: 


tn 


necoseary cartridges or rocket moter gas goneraters would weigh between 0 ani 
7S pounds. Henes the total weight with drive iss 
318.3 + 75 w h25.3, or, ev 125 pounda. 


Power Raquirement duslysis 

Since the rotating parte are brought up to speed before firing socurs, the 
najor consideration is the friction force developed ty the cartridge case sliding 
ageineat the treoch during firing. . 

A vecent developuent of Tefion-coated surfaces shows great proaise in 
furnishing low dynamic friction coefficients. Reference & cutlingss seme of the 
work done in this field. A further reduction in the friction coefficient will 
probably be obtcined at thw fairly hich sliding velecities fapproxinately 3000 
feet per xizate) encountered at the breech-cartridge interface. Reference *é* 
shows thet msier high urit loads and Mgh sliding welocities, the coeffictent of 
friction ia veduced consideradiy for practically ali sclid film lubricants. 
Sithough insufficient work has teen done with Tefion to predict securately the 
eo ffieient of friction at the pressures sxd velocities considered, beat exti~ 
mates indicate that it would be 0.61 te 0.02. A coefficient of 6.02 4s assuned 
foe these calculations. 

Yirwt, it ia necessary te ectablish the aversge presmuxe during the firing 


dteresl]. Le is dons by using the interior ballistic characteristics discursed 


in Section §. fhe average pressure te chtainad by dividing the sum of the writ 
impulee increments imparted to the projectile by the total time in the borw. 
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TABLE 355 : 
AVERAGE PYESSURE AND Yerorse 


Fat Ave & ~- ue ae 
208 + 38, 900 = 10,650 «88 9,380 | 
Ta W00 29,800 * 24,350.30 15.300 
52.800, + 35,600 ad 120 5 32, 20 21 6,880 yee 
22,800 + 31,600 38 on 36,00 19 7,000 
21,500 5222009 = 37,400 419 7,100 


26 + 22,10 
2,200 522,200 = 24, 200 229 7,000 
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~~ “Tig Tatermnl area of the cease expending radially against the breac: 
= 18.9 square inches 
Agwoning a coefficient of friction of 0.02, the average ferss agningt 
thw reach during firing ist 
Fw 22,306 x 18.9 % .92 = G00 pounds 
ths braking torque on a four-inch radius ist 
%, = 6L00 x Hy = 2800 pound-feet per station 
Tt way be agwuned that tha direction of rifling ia chowen so that the 
torque reaction will agaist “he aorawent of tha rotating parte. 
The tote] average force against the projectile iat 
¥ w 22,700 x 1.728 = 3,500 pounds 
Sines the rifling is one turn in 25 calibers, the foraa component seating ageinat - 
the lands is F tan €, where @ is the angle of the developed rifling. 


— 


tan € © ye ™ 


Force component = 26:50 % 3:24 » 4850 pounds 


Henee the torque renotion due to rifling is: 


. = L850 x 1.477 {Ave dia of bere} 


7, * 606 pound-fest 

Net torque to overcome T™ T, - T. 
or f= 2800 ~ 600 = 2200) «pound feet per atation 
or T= LUO pound-feet with two stations firing, 
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in order < rire 280 ffuwis par gece, Sia gue revelves 
Ae 22.8 revolutions per second 
since there are eight ahote per revolution with beth stations firing, and the 
avvrage rotatlousl relecity is 
22.$ x 2m = 1h) radians per second. 
The complete gun cyclic time is a” sO11Li secend, Th: deceleration 
period t, = .0056h second (from Seotion 4). Heanor the acceleration peried 
&, * sO1LLE ~ .00368 
* .0O%S second. 
t ® moment of inertia of rotating parte = .0%6 slug-fee%” 
Tet ¢,* deceleration during firing cycle 
%, = deceleration time during firing cycle 
& = ecceleration during idling cycle aces 
t, = acceleration time during idling cycle Ce 


emgage seems lin 


T, = torque input of payer unit 
T, = net braking terque during firing 
xg ae velocity before firing 
fig * wolocity after firing, 
average velocity during firing cycle and idling cyele must be the same to 
maiatain a@ constant average apeed of rotations that is, 
Firing Crete = (dln Gyula 


2 te: =: 
Mot °F ay OT at the end of the firing cycle... . 
am Sm, + tt © io, ~ ty7,) + 6,5, at the end of the idling cycle 
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fence in teres of &, the equation beccues 


is ts ar = #55) (a + 48) + le, - t0,) + 5, 


Colisciiage termes 


aa ao = ta, 
: or loss in veiocity ™ Gain in velocity. 
Hite t, = bho, t, = .00%6h, t, = OMS 
| ukoo = 1) 
mango 


0035K 2 (4100 - F) 
rene ete ent 


~ =o, 
Gain in velocity * ¢,4. % qn : . 2% 
on 0036 (LLOO - 7) .00%S T.~ ‘| 
Se ee * oe as 
T, * UuhO pound-fest. es 
a 


Casckt = tsue tn velocity = 2038 i0 = UO) = 26.3 rediane/second T 


Gain in velocity = i Ee = 26.3 radiane/second 


ve 
HP Requirenen t= phy xe (rad/ene) = RDA UD 
« 369 HP | 
Tiles power requirement would, of courne, be reduced considerably with « 
jowes ccoaffictent of friction or if one etetion was fired a¢ a tims, rather than “ 
two simultenecusiy. 
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An even greater reduction of i-ae- mmqudrement may be anticipated L's 
séif-consuming case in developed, in which case the friction area would be reduced 
te a sinioun. Preper obturating means wuld neve to be developed. 


Heating of Earrels arnt Cookeeftf 

Coskeoff, With thie weapon confMiseretion, there is no danger of cook-off 
aince there in never a rowxd in firing position after thes gun has stepped firing. 

The danger of delayed ignition or hang-fires is miniuised by the feet that 
the round ia unconfined omee the breech position i# passed. Therefore, the 
propellant, unable to Lusn under oressure, would simply rapture the cartridges 
case. Recent experionce with corm ammunition indicates that major damage doses 
not rewult under thease conditions. 

Barrel Cooling. It is believed that since Airing takes place eo rapidly, 
there will be no tine for heat transfer to the exterior of the barrel. Reference 
me" contains a great deal of exporinental date to bear this out, partioulerly dn 
Seations 5.5, “Rates of Neating Under Repid Fire", and 27.3, "Pre-Ingraving of 
Profectiles*, 

If necessary, additional cooling may be provided by using srectal car 
tridges containing chesical cooling agenta, Located at intervale in the annuni- 
tion belt, the special cartridges woould be fired in the seme way a8 an ordinary 
fount. «nm suxiliary priser or charce would hlow the coolant through the barrel. 


Reooil Analysis 


To detentine the anergy of free recoil aml other parameters, aes Section i, 
“Interior Ballistica®. For this purpose, the velocity of free recoil will be 
considered while the projectile is in the bere. 
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weee 
ve * welocity of free recoil of recoiling parte -« fant per aecond 
W = weight of prodectile -- pounds = 1.35 
& w weight of cherge «« pounria =: 145 
We weight of recotling parts -- pounce = 375 
Vv = waloctty of projectile at any tine t in the bore 
XZ @ yeooil distance in feat 


® 2 
The energy of free receil Bp © 3 Vy foot«pounls 


TABLE 3-10 
RECOIL DISTANCE AND E,, 
q . Pore”, avs 
tai Atak Vi/Seo Vy Vergre) 2x00) 3020") v _* 


8620. 883. 20 Lik 37 ~ 502 $02 1.3 7.56 
1.32 0D EBs) 386 2.27 Las 1.652 15 67.9 
1.77 «380 1386 5.68 4.55 1.73 3.382 32.0 =: 186,0 
2.18 410 2395 295 6.82 2.8 6.182 63.5 393.0 
2.43 228 2368 9,10 8.52 2.14 8.322 82.8 462.0 
2.72 29 2830 19.2 9.65 2.8 L.12Z  1h.G 805.6 
315 i} 2750 11.8 WF 4.68 35.602 135.0 786.0 
3.429 «27S 2850 12.2 LiF 3.27 29.072 ik9.6 8%.0 
3 .6k2 Poaae 4 3008 12.6 12.4 2.69 21.762 159.0 725.0 

Ageuming « recoil apeing having an initial compression of ¥, aad 
apring constant { of the syuten, the total cuctgy absorbed ia: 


£ 
es $x 
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“afhes - SNA 
where ¥, = prundia, Kw pounds /’ of, X= feat of recoll. 
Hence, the remsining energy at any instant " 
' K 2 
Ree,- (RI +e 3) 
At the ert of recoil these muet equal taro, 
With an initisl lead of 10,000 pounds = FP, and K = 86,060 pounda/foct, 


an spproxiaate recoil of 6.071 foot would be eufficient to absorb tne energy 
of frees receil: 


px + x? « 10,000 x .0718 + 40,000 x .0728 
3 TG + 207 = 925 foot -pounds 
The ‘otsl recoil lord would be & 
10,000 + S600 = 15,600 pounds with .86 inch reeoti. 


This figure would actually be less than 15,000, even without considering the use 


of mustle brakes, decause of factors like~friction which would bring the energy : 
! of free recoil well unter 925 foot~pounds. hes 6 e 
4 It 49 worth while to consider the use of muzzie orakes, which would a 
reduce recoil loads appreciably. > ats 
It may be noted that the momentum of only one shot is used in considering 
recedl because it is intended to utilise the principle of the Navy 20em Mk 10 gun ie 
' where one shot is fired initially and two shots are fired just as the gun is in 
/ M32 counterrecei] position, Thus the enargy of counterrecoil is balanced by 
‘ i the energy of recoil of ore shet, resulting in a net recoil energy of one shot 5 
. | only. 
i: 
ft ~* 
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SECTION bo 
INTERIOR BALLISTICS 


Disesssian 
The conplete interior beilistice selution for the 37mm gun « based on the 
etathods diseusred in NDRC Report A-3i8 (Reference 1), “Numerical Methods ef Solu- 


tion of the Ordinary Problems of Iniberior Ballistics® -. is outlined in this 


The following differences in fixed paranetera were aswamed in this casa: 


The factor of 1.0;, used in comection with m! (modified mass of pro- 
Jeetile), was changed to 1.02 because the former firure assumes LZ of 
the total energy lost in friction, whereas it is believed that 2% 


would be a more reasonable figure inasmuch as preeengraved rotating 


bands and teflon-costed orejectiies would be usd. fteference 2a 


indicates the probability of-deereased frictional losses, with MH 
{none-hygroscopic) powders in a lubricated bore at full charge. Hence 
4.02 (m+ €) 
Bs 


(Formula 9, page h of Ref. 1) 
32.17 


Although pre-engraved rotating bands are used, it has been agsumed 
that the starting conditions for burning the powder are the sane as . 
whose with conventional rrojectiles; that is, dy which is the fraction 
of the powder burned at the start of motion, is taken to be 0.01, 
because a shot~start device wil! de used to cbtain uniferm tenition 
and to prevent debulleting. Reference 1 {pare S$) notes that there ig 
very little starting pressure with pre-engraved proisetiles. Nene, 
J, would be aqual te zero if ne shot~stert device ware to be used, 
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3, Tse powdes chosen, Feite<, de cf dewble-bese cenmosition with a cenctank 
burning surface. This compoaition is oreferabie to the single-brce 
PNA«i] because it has a higher impetus factor, F, go that a cartrides 
case of saaller volume is reqrired te obtain a given metle velocity 
within 3 specified saxtmm pressurc. This reduction in casa volume 
is particularly advantageous in the open chamber design since it 
ressite in reduced banding moments, sealler friction treas, ete. It 
is oolieved that the much higher flame teuperature of the M2 powder 
would not be a rreet detriment aince the duration of firing (1.0 
second) would be teo short to overheat the entire barrel. feference 
2b states: “It takes a matter of seconds for any considera>le part 
of a pulse of heat received at the bore surface to sake it: appearance 


at the outer surfice,* 


ke The ballistic results are believed-ta be conservative with the spect= 


fied powder charge weight of 0.16 pound Lecause after a few rounds 
are fired, the interior surface of the barrel would be at « high teme 
perature, vhich would ressit in the transfer of less heat from the 
fr ae powder gases to the barrel wall. Hence ¥, which is taken as 1.8 
i in Reference 1, would be lower. This parameter is the pseudoratio of 


apecific heats that is corrected for heat loss. 


5. The mzsie preasire of 11,906 psi, while seemingly high, ig actually | 


advantageous if e mozzie brake is going te be used te reduce tronnion 
eo] reaction. 
The following calculations are for preliminary design purposes only. They 


were, therefore, carried through at elide rule precision. 
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ALL of the following porasaters, symbols, aml squationa ere those used 
in RORC Report 4-3,8 (ATT 24647). 
List of Symbols 


Syne Unit Meaning 
& Squnre inches Croas-2ectional areca of bore 
a Gubie dnchse per pound -4 
: 2° -- 2.3969 x 10S) 
8 (in. /eeac) (ahs/tn.?) Burning constant 
¢ Pounds fei ght of powder charge 
? Feot-pounds per pound Impetua of the powder 
f - Praction of the web unburned at any 
, instant 
= &, ~ . Fraction of the web unbu.ned at the 
4 [ aa atert of motion 
; ~ 
3 Is Tos ty - Tabulated functions used in caxput« 
_ ing tine 
Je -- Fraction of px ‘er burned at the 
a ™ start of motion 
Ae Inches Total travel of projectile 
~~ L Taches Travel up to any point 
¥ Fourxds Weight of projectile 
— at Sing Modified mass of projectile 
— [= 1.02 (Wt + 6/3)/32.17] : — 
wed 8 Pounds “eipht of pomdar burned up to any ie 
inatant 
P Pounds per square inch Spaceeavaragad preasure behind 
projectile 
—_ d : 
Report No, 09-20 7-0 a3 


acthel init Hoaning 

4, Twurda per square inch Preasure at completion of burning 

a Poumia per square inch Yaxizam pressure 

id Founda per square iach Pressure function [= a? Pp} 

4 Pounds per square inch Prewaure fonction at completion of 
burning [= 0° PL] 

a Pounds per square inch | Naximue presaure function |= a” F. 

§ Parenoter depending on starting 
preseure 

Oy Teaperstere of powder gas 

t oy Adiabatic flaw temperature of 
pomior gas 

& Seconds Time of any instant in the aotien 
of projectile 

%, Seconds Tiss fron start of motion until 

__._kowder is all burned 

* wie Purameter depending on ¥ 

v Feet per second Vaiocity of projectile at any 
instant 

¥ a Fast per second Murzle wereeity 

‘ Cubic inches Volume of powder chamber 

i Inches Web thickness of powder grain 

x Inches Effestive distance behind projectile 

Z Inches Effective length of powder chamber 

? [= ¥,/A] 

1x “ Radaod travel. Ratio of volume 

6 behind projectile to chasber 

wolume 

buoy Report No. OF-18 7-5 
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ee cal a ea ie ies pb rae ook sere 
i = Seika 


ow Reduced travail to where powder is 

we Redueed travel te mrzis, Batic of 
‘otal volun of gun to chanher 

volum 

ics fs s/n *%, $)2, 

“ rift = 35008, 

ai Parameter, reduced valocity for the” 
interval of burning 

on Value of Z at instant powder ia all . 
burned, called burning function 

on Value of Z at Gime of maximum pres~ 
sure 

“. Paraneter depending on density of 
Loading 

os ear Velocity function 

~ Ratio of specific heate 

~~ Peeuderatic of specific heste cor 
rected for heat loss 
[taken to be 1.30) 

Geanafavhic centimeter Density of 
{* 27.686/¢,] 

Founda per cubic inch = Danwty of loading [= ov,3 

cubie inches per pound Cowvlune of powder gas 

~- Travel function [x BASS on 4,3 

“- travel function oveluated to where 

pomtar in all burned 
ie ; Se ~< Travel finetion at ahet ejection 
q ‘Hepert We. UP i875 &~g 


‘a 
Bt en si on 4 


desi 


Pounds per ecnie inch Density of aclid ponder 
ms Density of loading function 
[= s02/4, « Yey"2} 


Eetinate (S00 pare thy 2-348) 


&~d 


Core tante 
Sore = Sim (1.157 inches) 
¥, * £7.00 ouizic inches (chamber volune) 
L @ 63.13 inches (total projectile travel) 
As 1,728 aquare inches (ares of bore) 


xf, = 2.2 
Fowler Constante for PNR-M2 (Table XIV, A-3L5} 


P * 384,000 foot-pounds per pound (impetus) 
"© 26.95 cubic inches per pooxd | 


ze 16.78 cubic inches per pound 

& @ 10,17 cubic inches per pound 

a? = 0.635 

+, * 3560° K (adiabatic fans tempera ture) 


loadin: Constants 
bh ™ 1.35 pounds (projectile weight) 

& = 0.75 grams par cubic centinater (dcuaity of iosding} 

© = 6.46 pound (pendar charge) 

* «= 37,800 pounds per aquare inch (maxim allowed preseare) 
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; Sum ey reecpeeal 7 - ive 
| (2) © (From fable YTIT, 4-38) hth ; 
' = a Ne cast 
(2) ¥ «2° r m 635 x 37,80 24,000 thfin® — 
<) {3} ff (Yrom Tete IV, A-3K8) 1.6710 oo 
4 ; » “a 
@ th) A, « A768 = .75/27.68 0.027 Ib/in” 
= (S) Gwv Al #170 x 027 G.b6 pound noe . 
iS (6) =* « 3.03¢8 + o/3)/32.37 ® L.02{3.35 + 26/33/52.37 o.087 sluge , 
| () §, = aa,/G/t, - 2d,) 
2 ©1017 x 027A ~ 26.95 x 027) 0.0810 : 
- (8) $0°3 (ron table XII, 4-348) 0.36356 oe 
ai dig ol 
: Or Bega a -r624 2 2 at 
«bd x 38) 000 
| | ow ghee oe {i « 1.671 » .38356) 
cg ® 
wi (30) V, = (Munzle welccity) sabe 3000 ft/sec 
i: tn order to sacertain that the pomier 1¢ completely burned befece shot a 
. ejection, check that » 
| aft, <a - rg) a 
g u * 0.15 (From page 12, A-348) i 
| f, * 0.99 (From page 12, A-348) . 6 
a: 2, = 2.037 (Frou Table III, 4-348) ' 
| uf 2 = 1S x 99 x 2.037 = 302 ; 
1-7 60F eh. 16T x RIS w 62 = 
Sinee .302 < .301, the powder is a1] burned befcre shot ajection, : 
' 9 
; 4 
Report Now ue 2 ku? 
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ei NTL 


Ghpjiete Solutign of Tatervor Tei Uigtice 
Period of Burning of Powder. It is asmumed that a constant burning 
earfece poeder grein is used. 


R. 


from page 16, 4.318 
(Bry? = a?r fomer2, 
3 @ borming conetane = 6.0005 for 02 pomler (Reference 26) 
W @ somter grein web (inches). 
Froe pages +6 and 4-7, 


& = 1,726 Pw 384,000 %, = 2.037 
2,7 9 at = 0h75 C = b6 
Hence 


yory @ Lets x 10% 


5 = 0132 : 


W = 209 = 0379 in. —" 
The following additional parameters are necessary to tabulate other fons~ 
tions (page 2h, A~348): 
2M : © 7p Et rece 218 
@m™ LS (fron page 4-7) 
J, * -o2 
G* JR /f, ™ OL x 2.037/.99 = .0206 
The following table contains vaiuee of 7 az one argument up te %, * 2.037, 
x, is obtained ty interpolating within Table IX, A-™i8 for q = .02 (page 81, 
A348), and a, * 218 | 
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CORT ENTA 


4, {7} and T,{7) ars ebteined from Tobie 2, pages 89 end £6 of be 3sh, 
TABLE bw 


2 te Ae) Ge) 


- 0.2 87038 01857 = 00100 sae 
- : Ok 619583327 602088 = 005 z 
a Ob 12887), 262 0294 = 0080 
J 0.8 108k? 21h 0286700800 
. 1.0 0888775 03h; = .00832 
a 1.2 069k otk O36KE 01110 
| Lek cee) <OLD96 LOU T 
1.6 0h 388 20891 oOL617 01861 
18 .O3835 40698 05237 02377 
2.0 0247 == .0538 05998 = 03027 
2.037 02523 05th 06161 «0372 


Sark — Sie. « 


. %,, * 2.037 | . 4 
. i From the above table, solve far—67) (wee page 25, £-26) 
a gt Brahe ' 
. 
p 
5 
= 
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GORE GAP L 


PARTIE 4-2 


INTERIOR BALLISTICS DURING BURNING OF PONDER 
(1) (2) (3) (u) {5} (6} (7) (8) (9) 


zt ev wm, | t p v tow i 
_ _{inches) (20"nee) (ib/in®)(Ft/aec) °K ae 
7 1 ) Oo 2,0h0 0 3560 201 - ig 
2 1.605 1.269 1.67 .88 18,900 27 3460 1075 oat 
wh 2.227 1.322 3.08 1.18 29,800 © Sho 3360 2050 Coat 
26 2.780 2.493 b.86 2.39 35,600 810 326 «3025 pay 
28 3.640 1.728 7.26 1.56 37,800 1080 3250 «4000 » . 
1.0 &.67 2.013 10.00 1.77 37,000 1350 30b0 e975 { 
1.2 6.030 2.388 13.65 1.96 34,300 1620 2930 5950 i 
Leb 7.77 2.863 18.b0 2.28 = 30,70 1890 2820—«iw HBS i 
1.6 20.20 3.503 2.70 2.43 26,300 2260 2720 «7900 3 
2.8 13.25 6.378 33.25 2.72 22,300 2h30 2620 0875 


2.0 i7.L0 §.513 bh. 50 3.07 17,50 2700 235600 29850 
2.037 18.3 5,758 L6.80 3.25 17,200 2760 2490 1.000 
(burned) _ 


ee 
For solution of columns (3) and (h), see page h-i2 | 
Yor solution of colusn (5), see page 4-13 x bebe 2 
Per solution ef column (6), see page 4-1: : - 
Yor solution of colwean (7), see page 4-15 co 
Fer solution of column (8), see page 4-15 
Pa a ; For solution ef column (9), see page L-16 , 
-? 
2 
10 Report No. 09418740 
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TABLE bed 
INTERIOR BALLISTICS AFTER BURNING s 
a} (2) (3) {h) (5) (6) (7} (8) (9) (10) 
mae, SA A eh t Pp vv 
In. In. 18°*3) (307 ae Lb/in®) (Ft/uee} _%% S 


86.80 5.758 .0Sh5 = .U1775 1699 W617 3.150 17,200 2750 2890 
48.0 5.875 .0633 .Wib97 = .693 %.56h9 3.39) 16,000 2770 2470 
8.0 = 6.08 O51, .41048 685 W927 3.255 16,000 2600 2h80 
§2.0 6.26 .0495 .b0566 .678 Wh.42% 3.320 15,200 2830 2425 
Su.0 «66.87 0) .0b78 0163. 7.350 3.37%) 14,500 2860 2390 
56.0 6.7% 0460 .39703 . .66b .2897 3.425 13,806 26890 2366 
58.0 6.89 OMS 59337) 857 M.2172 3.465 13,200 2920 2330 
60.9 7.20 e032 63893506650 4.426 3.549 12,600 2950 2316 
62.0 7.3% .OL18 38577 .6ub 7.0753 3.605 12,100 2960 2290 


63.13 7.43 0810 .38356 8 §6.680 7.030, 3.642 13,900 3000 2275 
Shot etection 


. some RE NR I 


For solution of column (2), see page 4-17 s an : 
For solution of column (3), see page lei? _ 

For solution of column (kh), see Table XII, A-348 : Pe 

For soluticn of columns (6), see Table XT, A=348 . 

For solution of colum (7), see pare b~ié 


For solution of column (8), nee parz h-19 


oy etiam selene om ° 
aoe ls 


For solution of column (9), see prie b-20 
For nol ion of column (10), use T= 1§°? 2 (See 22H page 27, AW3id) 
re 167 T, = 3560° K 
See figures kel and b-2 for pressure anc « lucity ae functions of travel and if 
time, respectively, 
oo 
, 
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~ Sotit of Sclurns (2) and (i) «» Table b-2 ss Me oe 
al ae 
- = (n+ a Shy. (See 9H page 25, 4-36) l Pe 
6 Poe 
HF 26.95 &, = .027 nS, = .728 E oo 
a= 10.17 aA, = .275 fa. 
N Few nd, + 2A, $° = 728+ .275 go i fe 
ly = yee UE See LOH page 25, 4-348) b 
v j 
<j = tog = 9.85 7 
Hence, x 
w (ew = 1) 9.85 > 
eh i, 
TABIZ. hols | . 
g" wes et XX, l, an 
1,605 obi 16169 1.67 I .~ 
2.127 »56u ~~ T3512 3.08 a 
2.780 765 ~ 1.493 4486 [ = 
—_ 3.640 1.0 1.728 716 Ma : : 
S 4.675 1.235 2,013 10,00 . f Po 
= 6.030 1.66 2.388 13.65 . cae Ca 
" Pa 7.7R ee 135 2,643 18.0 ] : 
x 7 0.10 2.775 3.503 24.70 i / 
2 | 13.25 3.65 4.378 33.25 ’ 
ae 17.0 u. 765 $.513 buh 50 Ei 
, i i 
y > 
belt Ruport No. 09-18 7=D H 
CONFIDENTIAL ie 


. 


es Pattee mam appraarevcemnnne cpreres eT 


Solstion of Cotman (8) 22 Ts le Meee an bode 


wi} 
a Golsce > < (7) ~ I (z) 
<oP q (RAW) *9 1 2 | 


For the abowe, see formula LIH page °°, £<3h0, 


a= 10.17 Fos 364,000 3, = +02 
q = .0206 (ace page 1-0) gz = .ON0K25 
‘“ @ 31220 x, = 2219 (see page h-6' 
BAY = 0132 (see paye 4-8) 
1, (2 ) 
10.27 x .O2 | 
t* ry 300, 000 x .000L25 x .tic x .OL3e ++ as 1, (2) 


or 1, {2} 
"t= ,0126 ee - 1,(2)] 
From Table b-1 on page b-9, use 1, (2) and 1,{Z) 


SOLUTION FOR t : 
z pr eee ~ 1,(2) t (See) exit ‘ 
2 .O7 ite, 4070 .000882 | 
ob «0% ~ 09% <001168 
6 | 1b .110 .002.39 
8 1S 61258 00158 ce 
‘a. 1.0 2158 ~Ui02 00177 belly 
ae 1.2 +1665 +155 .00196 i 
aa wh £1875 11730 .00228 4 
i 1.6 2120 1934 00243 > ; 
1.8 +240 2162 00272 i 
2.0 2275 2h? ~00307 “4 
— 2.037 «2825 -2508 00315 
= Report No. 777% ores 
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vin DEAT 


2} 


2.873 x 10° (q+ 2 = uz 
Ps 


yy 


q 2 ,0206 (see page &-8) a® = 0.615 w= 5 


_, 208763 x 10°(.0206 + 2 ~ .1827)xy 
So a | 


let ge (.0206 © Zo 0182") 
| Hence 2.9%3 x10? xd xx 
etl Pe 3 


ae a Py <3 L« r, 


P 


TABLE_L-6 
SOLUTION FOR P 


z x,2 v2" d Lex,2 9° (1x, 2) P 
(p. 4-9) 
0 «21800 0 oO 0206 1.00 635 2,080 
2 118750 .0375 006 »21h6— +9625 612 18, 900 oe 
oh 155983 .0623) «.02h 13966 > 09377 6595 29,800 oa 
6 612859 077.054 565669230. 586 35,600 oe 
fF 20547 .08K2 095 KG USB LBL 37,800 | be 
1.0 08587 = .08S9 150 8706 =. 91k2 580 37,000 : Pe 
1.2 0693, 083 .215 1.0056 .9166 .582 3h 300 | | 
Leb .O55U6 0776.29 1266 9ZL SBS 30,700 ; 
1.6 .0m368 0700-38, 2.2366 = 9300. 90 25, 300 s - 
1.5 0002S = 0628 = LBS 143355 0.938296 22,100 } f 
2.0 0207 0529 40016206) HTL .600 17,900 at 
2.037 .02523 051, 622 1.8356 .9186  .602 17,200 2 
‘ 
I 
ee tb Us Report No. 09-18745 hi 
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-- - --, Sobetton er Cetumn (7) -- Table he2, Pare 1-10 


Prom Fermala 13H pape 25, A-348 


{Ore 
A a gs aes £ 
by 
Ce .b6 2, = 2.037 
F = 364,000 f, = 099 
ats .OL75 {See page L-7) 
¥ = 13568 


ae a im ae tee 


Solution of Column (8) -- Table -2, Page +10 


From Formula LLH pare 25, A-348 


ren [R Oe Jes, fa) 


2 
q= 0206, 17, 3560°K, tet = aBEE 


TABLE b-7 
SOLUTION. FOR t 
- es q¢2z oh Leh 2 (°K) 
0 ) ) 2.0 3550 
a 2 06 2206027 9B 3460 
m3 ob 2024 04266 1057 09453 3360 
ri 26 05% «6206 087 913 3260 
i. i 8 2098 +8206 117 883 3150 
Ps) 150 1.0206 1b? 653 3046 
[ 1.2 215 1.2206 2176 624 29360 
Leb 294 144206 207 2793 2420 
: 1.4 «38k 1.6206 237 2763 2720 
1.8 b85 1,8206 225? 733 2616 Pe 
eS 2.0 600 2.0206 6297 703 2500 an 
of 2.037 622 2.0576 2302 2698 2.90 - 
a. > 
: Report No. uo- 35+D kelS 


wee cee em 


q 2 é 


wo AT 


From Forwnle 158 poge 25, 4-258 


Et, +f, 
Jy ed ,01, t, + 99 4, 2 2.637 i 


Hence 
Bs ort 4875 2 


: 
fenced 


TABIE L8 
SCLUTICN FOR n/t 


4 375 Z N/C 


hy 
© 
O 
a 
6 
wv 
fe cbaee | t j jorag te end 


1.0 4875 28975 
1.2 «5850 25950 
= dels 6825 6925 
1.6 + 7800 7900 
1.8 87 B87 
2.0 29750 29850 
2.037 990 1.00 


Knee 
= 


ae eee 


ween hy eae aiwe 


Set 


ES agp ee. 2 


' 
/* 


v 


ae 


: 
ferme? 
raga 
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Dato sad 


PN 


Ras? Spectre Sane Ai EEA 


a 
uy 
q 
e 
a 
“4 
= 
4 
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Solution of Column (2) 2 Table bud, Page beep 


Prom Formula (108) page 28, A«34d 
= (ee nl ¥e 
i * 5 wh) 


x L Ve 
a = . ee =< $,85 
ret 
Hence i, 
x 
Eo ope 
Solution of Column (3) -- Table -3, Page he1} *; 
From Pormula (61) pare 35, A«348 
a 
o «2 
fet + 
1 “= 45 + a ~« .728 
24, = ,275 (page h-12) nd, * 2726 (page b-12) 
TABLE b-9 | 
SOLUTSEN-FOR § 
x ™~ 
L, x i - 728 § 
b$.86 5.758 5.030 -D5u5 
48.0 5.8% 5.347 20533 
50, &.08 5.352 OSE 
52. 6.28 5.552 OL 95 
Su. 6.L7 S$. Mz «08,76 
sé, . &.% 5.972 e860 
sé, 6.89 6.162 2Ouhd 
&. 7.30 &.37 20432 
62, : 7.30 & G% 20818 
63.13 nt ltd 6.702 20410 
Report Bo. Utes ToD =i? 
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_ fajutiog ef Solway {33 


it 
6.80 699 %.6L% 0 ) -003150 i 
L860 693 %.86u9 0827 10000iL =—-.0031.94 Nee 
$0. 0685 W.b92? | kF 0010S 003255 ( 

- 52. AAT Teh? = 02002 1000160  .003320 : 
ae 7.3804 2672 000224 .0033% mie 
56. 664 M2897 = 3279 000275 .00225 au 
sh. 1687 Me2172 OCs OCOT1S = .COILNS f ¢ 
&. 2650 Ts1b26 6 750 .000399  .0035L9 
62, Gti 4.0753 523 000455 003605 
63.13 680 M%.020h =. £872 000492  .0036L2 


Frew Formula (- = page 2% & r 4308 


teue soe Voie (300 $2 ) = r,¢r §°9)] 


%, = 0915 tpape b-12) at = .b75 a@e« i€,17 
f = 38h, 000 | ia = 1,728 ad pein (ps he?) 
Ce bb ps3 a 26/3 0 5.537 2g = (F599) = 1.6176 


Chtein Column (3) belew ty interpolating within Table ZZ, nies, 
tm oosis + Feht 852532 Yes Ake [ih.61% ~ 15(P 6°39] 
# cons  .000838 [7.61% « I,(P $y 

TALE bo16 


SOLUTION FOR ¢ 


by (rg'9)" _tyir g°7) taba rary(t §*9) 2 £00838 (Seconds) 


Seed eet 
: Or eegppernensams : 
eee! ie 


+ ae tee 


* ft s? fram Colum (5), Table le} 


ee ee | 


bl 


“eB aageee ~ 


h-18 Report Ne, helo Tel 


bala 


Serie she ree 2 nat opt erar Ts | 


© 


| ‘ren Poronie (20H) pee me 27, 8 AnBLO 
“pe aemes ier ghd, AX 


f 2 2.676 (See pape he?) 
a” = yi 35 


= 75,000 gis 
TABIE be3} 
SOLUTION FOR P 


rl 
nnn eo OH REI SOLS le PT BNO NN SL  * el ESN HS ETD 


log $7 


q bc 05330 L2k97) 2.726727 T.éx6022 Z.NuwS .02212 = 16, 700 
q 50.0 0518 h30h8 = 0963 T.o13292 7.32265 02110 16, 000 
$2.0 095 OSG =: 7.694605 T.6083% 3.302961 .02009 =. 15,100 
54.0 0178 -ho163 «- F.é7hed T.do3ee6 2.26325) 01920 14,500 
$6.0 L860 2393) «= F.d62758 TF .5908eh Z.2ers62 101826 13,800 
$8.0 bhS «39337 3.619335" T.soueo2 FiakhlI7 .0175h 13,200 
6.0 20:32 238035) 0 F69kh7? 1.590339 %.22h816 .01678 = 12, 600 
62.0 O81 o36579 3.621276 T.ses3so F.207826 01633 = 12, 160 
63.23 Ohad 036356 «= - 7612768 1.509833 2.296617 .01873 = 13, 900 


A 3 
Report No, UG... *T b~19 


Setuttes of Gotume (6) m« Tetds 


Peen formats (21H) pare 27, #348 


vw glee 2 = 57) 
g2 eh rx 1.672 
Fe 364,008 at = 0275 


val pae eS a - 5") 


= thf x we O rg?) 


TABIE Lal? 
SGLUTION FOR V 


a 


id Cc bee tent ee ee et oro it 


| ; 
I? 
| " , 
4: 
Yr 
. he? Report No. O9-1E7-D * 1: 
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Figure k-1, Pressure and Velocity vs Projectile Travel 
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THaeE 
Pressure, Velocity, and Projectile Travel vs Tine 
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OPE 


Figure 1-2. 
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emia tion 

An setlined ic 2ection 3, the projectile is to have two pre-angraved 
votating Senie. Extensive study or projectiles of this type demonatrated the 
adrariage 6f te telacherd degign. The addition of the forward tand inergeses 
the deo by s nectime of cally 1.7 (Refevenes $a), However, internal yaw in the 
3h Bowe Sy redisat comeitershly, reculting in greatly improved Launching condi~ 
tions and decreadad external saw (io forease £5). 

im wneidering the type of projectiie te be used (mine type with a 16 
aa Aver matlus ogive) the Type 7 epmearcd to be closer to the desired shape ther 
the Type 8, Tho letter is a shovter version of “ype 7, with the same ogive bat 
c different cave. It is understood that the 30m: British fen projectile is 
comitisind to tm of Type 6 with a fons factor 4y 1.718 ut a rilesity of AO 
fect per cecond, Since the 37m projectile nas a 19 caiibsr radius ogive, 
while the ddan projectile nas an ogival radius of 6 calibers, it ia reasonable 
to canign a fora factor 1, of 1.0 to ths former (Reference Se). 


Exterior Salisstiv Punctione 
Exterior bellistic functions are to be cunsidsred at three different 
aititaudes: sez Jewel, 9,000 feet, and G00 fret. 
Tee wpeed of tie attacking niave Ve is aa followns 
At 0a lewel Ve maca 1.6 = 1120 fect pes second 
At 20,090 fest Vp mach 1.35 * k00 feet per second 
&t 60,009 feet Vp mach 1,50 = 1460 fest par second 


Repact No, O9-L87-3 5-1 


a a. | ae as ek 


Yee shove is tesed on relative welocity of sound (a) being .920 at 20,000 
gant and .876 at 66,000 compared ta 1.0 at sea level. 

‘Ths relative air density p is .533 at 20,000 feet, and .10 at 60,000 feet. 
{See Reference 54.) 


C, = — Hw 
t Pi, 4 

Ww weight of projectile ~ 1.35 pouwtes 
4? = 1.4972 = 2,12 aquare inches 


L, # 1.0 


©" merediterery” +635 at son Lovet 


07 py te marry 1619 at 20,000 fort 


Cy “SETH GE FS © 6635 ab 60,000 toes 


Tas it is possible te constrict tallistic tables, obtaiziing air revel (P) and 
tine of flight (t) for all tive alidtude conditions using the air velocity (0) 
aa one of the arguments. 

Since the ausale velocity ¥, 2 3000 feet per second, 


U,, # 300 + LL60 = LuSO feet per second at 60,000 fect altitads 
Uy © 300G + 1100 = Lh00 feet per second at 20,000 feet altitude 
U, = 3000 + 3220 = 1120 feet per second at ena level. 
Hence, total air trevel » = (S(T) - 3(U,)] x Cy feet for any velocity 0 less 
than the original sir velecity U,. 
The tine of flight (t) is obtained in a similar mamer 
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t= Pru) « TUL Y] x oe 
The Siseci Space and Tine Punctious for Type 7 projectiles are used as 
noted in Reference Se, 
MOTE: Py = air travel at 65,000 feet altitudes 
Po * air travel at 20,000 feat sltitucs 


Ps = a)~ *ravel at sea Level. 


ty * time cf Might at 60,000 feet altitude 


ty = time of flight at 20,C00 feat altitude 
ts = time of flignt at sea level, 


x ifr: Fore te 
iene 
Peo 
ey é 
Bo 
2 
x 
\ 
¥ 
p 
‘ 
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TAME 5-1 
TABLE OF SPACE AND TIME FUNCTIONS FOR 32m PROJECTILE 


v Su) Py a) bey % ty ty 
{Ft/sec Fret) (sah (Sec) (Sec) (Sea) 
LL6O6 13, 647 : 2.430 rs) 

L560 13,703 358 2.4b3 083 
hbo = s-.15, 769 TD 2.855 0159 
ih30 3,816 «1,0 2.468 2282 
Lhzo 13,873 1,835 2.461 0325 
bhio 13,9201, ho 2.493 +00 
bLOO 813,986 = 2,150 fy) 2.506 483 ts) 
b380 = -4,099 §=s 2, 875 135 2.532 6h9 +033. 
4360 Wh, 212 3,600 289 2.558 .812 «062 
430 0-325), 300 Lob 2.584 977 2093 
L320 0h, h38 =: $, 020 539 2.610 1,245 12h 
300k, 552 5, HO 65 2.636 1.310 15% 
_ §200 18, 665 6, 50 808 6521478 186 
h260 Ui, 779 P10 943 ~ 2.689 1.685 0228 
h2ko) 04,893 7,910 =: 1,078 2.716 2,620 2250 
220,018,006 8, 650-1, 213 2.%3 1.990 +282 
4200 15,120 9,350 1,350 2.70 2.165 31h 
4180 = «5,235 «10,0501, h85 2.798 2.335 0347 
4160 15,3h9 10,800 1,620 2.825 2.520 2379 
bihO 6=—s«15,h63 11,800 = «1, 780 2.853 2.690 ohl3 
h120 «15,577 12,2h0 = 1,890 0 2.680 2.850 ohh 0 
k00s«18,672 13,000 =. 2,030 2.96 3.040 oh 78 
Oso 8-15, 979 2,30 855 2.973 556 059 
Ooo «16, 266 2, TO 437 2.080 648 2108 
3986 = 8, 55h 3,055 620 (3.122 +730 153 
360s 16, 85 3, h00 805 = 3.196 2820 2200 
3460 ©=—«-.7,233 3, 20 989 3.27% 910 28 
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CONT IDENTIAL a 
TARIE $3 (cost Dy} 
ead) eens wy & ty ty 
t/fec) (Feet) (feet) Yeet) (Sac) See) 


mm ft Bet he OR OTe 


TO CO EC I RTE ETI IE BET aaa 


ac) (F (Feet) (Feat) (Peet) (Ss 17 See) 
200 © 26, 478 1b,5000 «6,730 6.242 4uS 2ath 
2386-26, 952 W900 96, 950 632 4.61 2.23 
23000 26, 885 15,350 7,186 6. Sih &.80 2.33 
2250 0-29, 232 15,800 7,830 6.703 8.99 2.43 
2200 «= «27,628 16,256 7,630 6.868 5420 2.53 
2150-27, 996 7,900 7.040 2.65 
3400 28,365 ; 8,300 7.217 2.7% 
2050 486 28, 750 8,4b0 7.L02 2.67 ve 
2000 29,137 6,600 7.592 3.00 
19580. 29,530 8,850 7.70 3432 
1G 8-29, 927 $,200 «7.997 3.26 i 
180 30,329 9,350 8.212 3.L0 
1800 30,737 9,600 8.435 3.33 if 
170 = 32, h9 9,8 6.667 . 3.67 7 ie 
190 80.31, 567 10,150 8.909 3.82 1 as 
2686 = 31,990 10,450 9.162 3.98 m= 
106 80-32, 43.6 16,700 9.426 4.36 
1550 32,852 13,000 9,700 &.34 
336 33,291 11,250 69.989 4.52 
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Ketovior Ballistics ipplied to Conbat Conditions 
for t™, combat conditions outlined in Section 6, the exterior ballistic 
oharectertatics are considered et 20,000 feet altitude. - 
Proa BRL Note 607, Formula (h) page 5: s 
Ppt P-~ Vet L 
rE > 
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The speed of the Mgnter (Vp) da 1L00 fest per sacond at 20,000 feet altitude. 
Hence, in order to obtain P and t, use figure 5=1, These valves are selected 
from the 20,000-feot curve for the velues of future range (r,) considered. In 
order to chtain 0 or the projectiie air velocity at impact, usa figure S~? with 
the value of % found from Mgure 5-1. 
For combat conditions No. 1 ami No. 2? of Section 6, ths present range y is 
obtained according to BRL Note 807, Formule (1) page 5. 
ruaPa v,t 
The velocity of the target 7, is [11 feet per second fur the bomber, and 14,00 
feet per second for the fighter. Hence for the latter case, r= Type z 
Formia (5), page 5 of BRL Note 807 gives the striking velocity V, epainat 
the target on a pursuit course: 
¥, =U - v, 
Henoe, the table below may be used fo determining the ballistic parameters for 
combat conditions Ne. 1 and No. 2 on the pureuit course attack. 


TALLE 5-2 
BALLISTIC SARAMETERS FOR TURSUIT aTTack 
Bouber Border Fighter 
Terges ee suet 
eg 3 ¥ ? ¥ 

(rest) _(Secomta) (Feat) (Feet) __(#/sec) _(PeJsec) _Creseo) 
1590 535 1815 2250 L069 3258 2659 
3600 1.23 3465 L580 3733 2922 2333 


L500 1.82 S872 7050 3362 2570 1962 
soo 9 733k 9766 3095 zsh 1605 
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Figure S~2, Air Velocity vs Time of Flight 
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plinth nein ie ae 5 
The gyroscopic stability wes déeternined by the method outlined in BAL 


Pechnics) Note 771, Appendix IV «- Stability Calculations. 


suttizuer 
Td? K(k ~ @) fd 


Sis was determined at een level conditions at the aussie. All other conditions 
would ahevy an increased stability factor, §, hence: 
Y @ 3600 feet/second and U = L120 faet/sccond 


X= Avial moment of inertia, Ib-in* 


= Calibers per turn rifling 


Ts frensverss coment of inercia, Lb-in® 


: ie cami ett 
: : ; . ° Peay 


| dad ™ Caliber, inches 


K = Normal force coefficient, non-dimensional = : - E 
j e 
h = Distance from base of sheall.te center of pressure, calibers es 
@ * Distance from base of shell to center of gravity, celibers Sy 
Uw Initial velocity of projectile relative te sir, feet per second : , 
re ¥ = Mugtle velocity of projectile, feet per second ‘ pe 
a a. 
K_ = 1653 + .0223n = .6139% = COE + .2635d + 6476 (2) | 
fc : | 
a i hs 077 ~ Oli3a + 2,025 + .8032¢ + 22594 + 8083 () 3 ' 
: | 
[ @ s sngle of boat-tall, degrees | 
2 | 4 b = lengta of bont~tail, caliters 2 
ae + 
a i © * lenrth of cylindrical portion of bedy, eslibers 4 
a | @ @ length of oriva, caliters = — — sas Ses ; “ 
. ie @ © onival radiue, calibvers : 
ae * ans a 
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; ~ Frew Sewtion $y tie Terlwiag pape ters have been established, 
I = .3257 Io-in® 

thei win? 

H 2 26 calibers per turn rifling 

a@ 2 1,457 inches 

K™ 2,26 calibers 

a= 16° 

& = LO opliter 

© * 2.346 calibers 

d = 2,066 calibers 

a * 16.6 calitere 
In considering the hemispherical shapes of the projectile base,an equivalent 
bout~tailed section. of 10° was selected, .l0 caliber long for & and b, in order to 
age the outlined methods to obtain K, and h. This ia believed to be a conserva- 


eee oe 


‘tive assumption. 
K,, * .653 + .0223(10) ~ .6139{.40) - .0028(2.36) +,2635(2.06) + .6476(5) 
K, © 2.2522 
h © 0%? = ,0l43(10) + 1.029(.40) + .8032(2,36) + .2459(2.06) + -8083() 
h = 2.5275 
= 2.27 x 10° x 23257 . zoo" 
~ e721 x LUST? x 1,232(2.5275 = 2.26) 120 
8 = 2.02 


The stability factor is setisfactory as iv exceeda the accepted figure 
of 1.h. 
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Prem Technicsl Ropers of Div. 1, HORC, Volum 1 <« Hyperveloedty Guns: 
Reference (5a) -~ Paragraph 27.3.3, pare $28 
Reference (5h) «+ Parnpraph 27.3.2, pene S25, ond Nyure 0, pere 529 

Prom Preject Shore << ipplicatien of Exterier dun Rallietice to Aerisl 


Gcetet, by J. Y. Duroux, Published by University ef Chicege, Ordnance Research 
No. L «= ATT-93,162 

Reference (5c) «~ Appendix, Standard Projectile Types 

Reference (5d) -~ appendiv, Tatle of Altitude Functions 


Reference (Se) ~~ Teble of Siacei Space and Time Funetiona for The 7 Projectile 
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CAMAAT CONDITION NO. 7. 
Tati Come Lead, Pursuit Course ~~ Fighter ve Boaber 

in thie case, it is assumed that the fighter is on 6 maxdified pursuit 
course, 10° off the tail. Tt is aleo assumed that the tuo planes containing the 
Lime of flight of the bomber art the fighter form an angle of 36°. The fichter 
is assumed to be flying a straight line rather than a carved course. 

AG paraeters used in the P, calculations am those set up by the combat 
conditions specified except those which ase determined by the weapen and ammund- 
tion chosen. Thus, for example, future ranges, plane velocities, dispersion, 
tine of firing, ete. are the sane as~cuthined in the original rules. 

Since the weapon chosen does not lend itself to firing one-third the 
complement of aweunition, kill probabilities hawe been shown for om-half and 
onequarter of the total mmber of rewuls, as well as for the full complement. 

Zt will also be shown that a higher kill probabliity may be obteined by 
@ longer time of burst for the sane number of rounds, ent a slightly reduced 
diapersion pattern. Howewer, this is not considered in thw evaluation, which 
La based on 1.0 second Nring time and a dispersion of 5.0 mile 5O# circle. 
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a ee ee Me ary gi Png Pees é - 


@ = angie of pursuit off vonber nose = 170° 


ef 


a * angle of intersection of planes ef flight # 30° 
Vp @ velocity of fighter « L008 ft/nee 
v 


a ™ Welocity of target {bomber} = 611 ft/ees 


V, * muzele welocity of gun = 3000 ft/sec 


Bn 


U, * initial velocity of projectile relative to air = LLOO ft/sec 
N= aiy velocity of projectile et impoet -- ft/sec 


4% 


V, * striking velocity of projectile at iepect + £¢/aec 
% @ tige of flight toe target -~- aeconds 


€ 


. oe | ry 


© * present range -- feet 
Mp = future raige «~ feet 

Po totel aly trave) of projectile to target -- feet 
8 = weight of projectile = 1.35 Ib = 
H.E. contant = 0.0 1b of MX 


i 
‘ 
3 


l | - 
1 
a, 


oe = standard deviation random error (round te round) o< wate 
0 = stander’ deviation gyptesatic error (bias) -- nile* 
T= time of burat = 1 secend 
ay = yalnersble ares << equare feet 
i 
ye 
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@* sonversion facter relative te INT = 1.5 
o = 18.046 nile’, o,* o8496X radius of S0% circle 


REAL 


parameters to be used in determining He 


a 


R, * probability of no hte 
P, = ili probability = 1 « R,, 
Altitude = 20,000 feet 


ry 
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TABLE Ga] 
Suamary Combet Condition No. 2 
Teli Cone Lead, Purevit Course ~~ Fighter ws Bomber 


Q@) @) @) @) (5) (6) (7) (8) (9) 
2 
: = ie a : 80 ne re he : 2 a 
; : g6¢ 2b mile wiias 


1500 535 1615 2250 ho6o 3258 -779 130 123.00 1h 
ted 3000 1.23 3665 4580 3733 2922 oS 128.5 $09.63 32.69 
a usoo 1.82 5872 50 3382 2570 oM2 122.8 1207.57 993.62 
an 6000 2.69 BL 9760 3005 219% 68211768 231k...) 3° .0 BS 


vee] (0) 7) 2) 3) A) 8) 88) 


ch MD a2) aay me (mat) 0/2) GAD) 
“$00 14262 $3.20h 26,602 13.30 PRR 978.950 


pes 3000 1.225 13.892 6.9k6 3.473.948 885. 6S 
5 . . h5wO 1.235 5, T21 2.860 1.830 +86 * 72 052 
7 600 1.202 2,686 1.b43 oP2h «72 052 «32 


for solution of coluams 1--5, see page §.7 
te Yor solution of colusns 6 and 7, ses page 6.5 
Yor solution of column &, see page 6-6 

4 Fer solution uf column 9, aee page 6-7 

‘ For aclution of column 10, see page 6.8 

a Fur eolution of columw 11--13, see page 6-8 

) For solution of columns 1-916, see page 6-10, 


For Py curves against present and future ranges, see pages él and 6-19 reapece 
tively. 
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Proa BRE, Revere 5 a formals a), pore Gi 


v v 
ib INT equiv © LO 21.8 (l¢ ad )= 60 (L+ ca) 
&x20'xi.52 oe 3.5520" . pe 


Por r, * 1500 


¥. w 9268 ft/sec TT cquie « ,66 (1 + te 


3.85 x 36 
= ,60 x 1.299 « e779 3S, 


ee ee ee ee ee ee ee ee ee ee es ee ee he ee 


rr,” 3000 i 

2 
VY. = 2992 ft/ses Mt equiv = .60 {1 + nT amy) 
. 3.55 x 10 


a ,00x L.2hh = hs au. 


2 2 a at oe = ti Oe a ee ee ee ee a et ae 


Yr, # 4500 ; 
V_ © 2970 ft/ee NT equiv « 760 T1 « 22720. 
' — 98 x 10” 
= ,.60 x 1.185 = 712 ib. 


Ce te ee i Be a 


t* 6000 2 
a 2 
i 219% ft/sec TNT equiv # .60 (1 + oo? 


=~ 60x 1.136 = .682 ib, 


4 


Solution of Column (7) : 


From BRL Report 807, Curves ‘igure li Vulnerable area of bonber target 1, ie ae 
fellows: 


QNT -- Lb. A, o~ Square Feet 
3779 134.0 
«75 128.5 
«Th? 112.5 
682 117.5 
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ee 

dotutton af Column B}. = ¢ laasneeien under data of 6~3-53) 
fron BRL Ropert 807, formule on page 7s ns 
é -| E+ ety) | ean)” 
F = 18.06, f © 1 second 


of m 24.298 (gabe)? 


on ee ee ee 


Por r_ = 1500 feet, PF © 2250 frat .. 
. oF w 2.296 x 2.25" © 123,00 adie” 
er For tr, 8 3000 feet, Pe &580 fewest 
| oF & 24.296 x eSB" = $09.63 atie® ] 
For rr, * L500 feet, P® 7050 feet eon i] 
a w 2.296 x #08" e £207.57 wile” re | ] 
Yor r, © 4000 fret, Pe 9760 feat Tl 
oF w 2h. 296 9.96" © 2994.99 atie® 


= 
F 
tend 3 
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Sclution of = (9) ~- 


A (aa corrected under date of 83-53) 


From BRL Report 807, formala on page 71 _ 
of = 8100 ae sa Fh + hag)? + Gy beg) 28 tabs) 
a he 
Yor rp = 1500 feat, += 535, r= IES font, P2250 tet 
f= arco (CB FEE oA)? Tyo BRE + ren (FR)? 
pets Sana 95.16 
Per r, © 3000 feet, $= 1.13, rv = 3665 feet, ss ats oo 
& = 100 CALE LIE AD? Fy BE?) + ase GE 
# 8100 x .0026¢ x 2.193 + 394.35 : 
@ 38,25 + 394.35 = 132.60 wtle® 4 


we A am Oe a te ee ee ee ee a ee ee Oe a ee et ee ee 


For r_ * L500 feet, & = 1,62, r= 5572 feet, P= 7050 feet 


f= e100 SEL EF 2 RBS)? Ta « BM) + 18.8 (Gag 


# 8100 x .00212 x 3.44 + 934.4. 
= 59.20 + 934.41 # 993.61 nile” 7 


mn i hh a at Oe 8 eet Ee ee ae ee el 


Yor r. = 6000 feet, tu 8,69, r= 76 feet, PP SRO feet 


2c gio (HEE ZEAE ADE)? Fh 5 (B27 a8,0 (SEB)? 


BiahcadeNeesidellndesbticaets 


ba. ee tel on oa 


a re a mn a a aa a a 
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Solution of Column (10) << 


fen HEL Renort 807, formals on page 7s 


A, + ano? 


ie 


fr #5 = 150 ey AL = 138.6, # = 123.0, ff = 13k.b3 


> a me we Mk a et ee ee ee et a 


Yor r, © 3000, A = 128.5, o° = 509.63, of » 432.60 


for rp * 4500 feat, A, 21285, ff = 1207.57, Ff = 993,62 


et te tt ee eh eo ee om ee ee ee ee ER ee om em ee me 


For a 6000 feet, A, * 117.5, o bid 2534.39, 4 « 190,85 


eee nes ae formila on page 71 
Aw x. 
AL + ano 


ns 36 (Palk load}: «180 (148 toed); = 4/4 lead) 


Report No. O9«187-D 


eet ca SESS ae eee 


BENT 


For te = 1506 feet, A, = 23d, o = 123.0 


tn = 90) 


Por r= 3000 feet, A, = 128.5, o° = 509.63 
Capone 2 13,892 


For vr, = L500 feet, A, = 222.5, o* = 1207.57 
A = x. ' « Se sf 
, as 360) oo + Ge x Te 33 : 
a 2 27h a 2.860 7 
{x = 180) 


Tel 
A = 2eFh w 1.430 
(n « $0) 


wee mnimae em ee ewe ew ee ee Se ew wes eB ee eee eee ee ee a ee ee 


For r,* 6000 feet, A, = 117.5, o* # 2921.39 


M go) TRE HOTU IIIT * 2-085 
in # 360) * . x e 


a ah ee Wn em te SE ei Om tm Oh me ee a ee a Om lh aw ee te wk te ae et ee a OR oe OO a ee em 
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Selution to 
Hawing the paranetera A and 1/8, 1+ becomes a simple matter to cbtsin F, by 
fieding k., from Mgure 17 of BRI Repert MRLG2. Since i, is the probability of 


no hits on a vulnerable area, Pr besoues 1 ~- H,« 


On ee ee ee ee ee ee ee 


= 


For Pull lon, gf = 1.262, 4 = 53.20h, H, = .008 
£,* 1500 Half load, #726262, A= 26.602, H, = .022 
Waearter load, $ © 1.262, A= 13.301, 8, © .09 


ab a a oe oo oe ON ee ee em ee ee ee ee es ee eee 


Yor Puli lend, $= 1.225, A= 13.892, HL = 052 
re 3000 Half load, «=F 21.295, A= 6.9h6, HL = .228 
Quarter load, $= 1.225, A= 3473, Hy = 0235 


a on Oe eh ee le OR ee ee ete De: a em a GO OH ER ae mm ode eb ot 


Por Pull loed, = 1.235, A=S.721,  H, ® lh 


Pr, #h900 elf load, =f = 16235, A © 2.860, R, = .28 
Quarter load, $= 1.235, A= 2,490,  H, © ohO 


ee ee ee ee ee ee 
~ 


For Pull load, 7 = 1.202, A ™ 2.886, H, = 028 
r, = 6000 


en re a 
wt sik ag ten 


CC | 
w 


eee mal 
pene 
. ‘ 

Se naam oa 


*, 


Helf lot, =f = 1.202, A= 13, HL = bB 


deren 


Quarter load, :* 1.202, A= .721, H, = .68 


see 


Kemet 
e 
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The previous combat conditions reves] high kiki probabilities for futurs 
rangean up to ard ineluding 4500 feet. 

Yorther examination reveals that the kili probabiiity may be improved at 
r,* GOO fest by decreasing the rate of fire, ant decreasing the radius of the 
S68 circle from 5.0 mile to some lower figure. ‘Theat is, tne sen number of 


rounds fired over a longer period ef tine will improve By considsrebly. 
the following combinati-ns will be considerad for r, * E000 fest with 
ail other conditions remaining the ame as the original. 
a. T 2,6 see, radive SOf <ircts = 5.0 mils 
& T= 2.0 see, radius 50% cirele = 4.6 mils 
¢. 7" 2.0 eec,  redius SOS circle = 3.0 mils 


: oe 

aa d. T* 3.0 ees, radius 50% circle = 5,0 ails 

: @. TF 3.0 sec, radius SOX circle * 4.0 ails we 

] f. 183.0 sec, —radiue 90S circlé #3.0 mils x 
Conditions.  T#2.0 seconds, CEP = Satie, of = 18.046 i tes 
(See page 6-6) 6° = (18,0h6 + & x 25) 9.76" = 2071.62 : . 
(S00 page 6-7) of = 190.0 + (Bx 25) x 9.0" = 1578.87 a 
(See poge 6-8) $* 116 oo 2672.62 am 1.70% } : 
i 


ee “Teo ei" oe A 
(nw 360)” LTS + 6,262 x BOT EE © 205? TES Ts 


batt sndite FEL yo! 


5 A 
A a 5503 = 1.252 hS SE ed 
in = 180) 
2 fo 
A ME coe = 826 268 Ps ¥4 
(xn = 90) 


ae ae eh ee en em wh ee me me Sk a ee a ee et ne Ge a ee ee oF we A a oe oe ae ee OR ge eR pe 


7 
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fy 
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dG 


_. _Hopaities &.  - 8 2.0 senende, GFF = 4.0 mils, é = 3.52 


of © {11.9 + 3x 25} x 9.76" @ 2082.71 


2: 
| 1238 768 
q es SS 


: & & ate & 832 ols 236 


Oo ae a ee a ee a Oe Oe ee ee ee ee ee es a ee ef 


Condition ¢. f= 2.0 seconds, CEP = 3,0 ails, 4 « 6.597 


f = (6.497 + 3 x 28) x 9.76 7 = 1577 
; See Condition «a, vs 


ee 


4 = 1576.87 " = y me 


af 


¥ 


ce 
z= 117, *+ 4.282 x 15 ols « 1.007 : se : 
ae x 1578.87 j .. 
i, Pe L ae 
227 ri 
A = “ « 4 23h 223 Pe i J 4 
a MO) Ee ee : | 
(n & 190) = B23 = 2,217 0S S98 Th 
74 
2 23h 5 | 
; A - ent 1,058 2805 0395 ‘ ay 
- (n # 99) “ L 
7 a 
; j 
_ sid 
a Sell Report No. 09-187-D i 


" Gonditten a. =O 5G seconds, «= EFS 50 wis, of © 18.016 


df (18.006 + 3 25) 2 9.76" = 2509.78 
Sea page 67. 
& = 190.0 + (x 23) x 9.7%? = 1300.72 


so, ok 
set | 9 
+43 57 


2. 
A os spel £575 267 033 
(nm = 96) 2 


we a am tee a eet eee te lee 


. 
STOTT ce emma meteor Ate re CEO RIBS Hemera mm oe 8 


Condition e. = 3,0 seconds, cP =h.0 mile Z * 12.5%9 


f = (11.989 + 3 x 25) x 9.76" = 2290.86 
See Condition 4. ae ji 
f = 130.72 ie 


2 a 7.5 4 6882 x 2290.85 109 a 


HO - 
hw gp POETS Lew 2.915 6195805 aa 
(n = 360) ; . +4 
"4 
A = 22538 = 1.457 +hO 0 4 i 
(n = 280) oa 
A - 2.923 = 729 «bi 36 4 
in # 90) 74 

: 

Report No. 05-7 * 75% 6-13 
a } 

= ee feos = : a es 


° 
én wt 
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Geri i tier *, ea 3.0 secoris, Cs? = 3,8 dis, a a& &.L87 


@ 2 (6.497 + 2 x 25) x 9.767 = 1809.62 
See Condition d, 
“ oF  13N0.72 
1.5 ¢ 6.282 


% 2809.62 


= 1.363 


re eee ee aaa a 
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ASOT GOSDITICN BO. Z . 
Teal Cone Lead —~ Pureuit Courae 


Rll conditions are the aame es for Condition No. 1 (Bester Target) sxaept 
that the epead of the fighter target V, ia the sans as. own speed of Lid feet 
per second. 

Hence Py, * 


Sew p. 6-2 for explanation cf .yebols and values. i A 
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whee, : 6.00 Bere 


Medi Gone lead, Pursuit Course -- Fighter vs Fighter 
QQ} (2) G3} {&) (Ss) (6) (7) (8) 
rt PF gy %)  mtee 4s, of oe 


ft} sec ft) {ft/fees ft /eec ib fs 


1500 2535 2250 4069 2669 272k %.0 123.00 172.22 
3000 «1413-4580 (3733 2333 692 565 = 509.63 529.78 
LEQ) «1.82 7050-3381 1982 667) 0-753 1207.57 1186.71 
G00) 2.69 9760 3005 1605 ot, = 7560 2324.39 2272.86 


(9) = (20) (11) G2) (33) (14) (15) 
re } ioe A OR Woke P (Pali) -B (1/2) (3/8) 
1800: «wg BG 32.238 «616.119 8.060) PS ¢) 82 
3000.98 8.294 Lah? 2.0% 87H 
b50O 2.026 3,538 1.769 885. es 05S 035 
Sco 1.023 1.848 292k oh62 86 036 o20 


Yor solution of columma 1--l, aee page 5-7 

Yor solution of columns 5 and 6, see page 6-17 

Yor solution of column 7, see page 6-18 

For soluti . of coluan 8, see page 619 

For sulution of colwm 9, seo page &~20 

For solution of eclumna 10««12, see page 6q<i 

For solution of columns 13--15, aee page 6-22 — — 


For Py curves ste psge 6-50. 
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—— GONFIBENTIAL 


TE er oer indaonp esagaitonenaents ot 


ence omogparscignn ceimnaritemtenns 


Kreme 9 8 ~ * ee 
ALTER DAe  yS 2125 BSR a a ‘i rene 


Ce ee er a oe 
- : 


. Setvetion af Golam (0) «0 TY? Bmutealent 


Feoe BML Report 807, formula (11) page 6: 
i INT equiv @ WO x15 14 4 ) 


8x 10) x 2.5 x fog 
y 


8 
we Sama a 


2 
For r = 1500 feat THT equiv = «60 (1 + esha) . 
55 % 


V, = 2669 ft/sec 
= 260 x 2.20) = . 721 1b. 


meh at ws ee a ee oe ee ee ee eS ee ee = as wh oh a oh 8 a tin a ae a 


23332 
r= 3000 feet INT equiv » .60 (1 + tee ag) 
3.55 x 20 


oe 


2 
r = 500 feet IT equiv © .60 (2 + Bly 
v, @ 298% ¢t/aeo 3.55 x 10 
« .60 x 1.311 2,657 ib. 


en eS ee ee ee ee ee ee ee ee ee ee i id dal 


=n owe fees TT equiv = .60 (1 + 108, ) 
3.55 x 10 7 


¥, © 1605 ft/aae 


PR TERNS ARTE AI TE TSIM 8 aE MEI AI ig 


i ol: sae 


= £021,073 = 64 lb. 


k 
4 
t 


tion of Column (6 
From BRL Report 607, Curve Figure 2: 
Vulnerabl« area of fighter terget A, ie az follows: 


TNT oe Lb Ay «= Square Fees 
ay 721 76.0 & 
_ 692 ie 
a 6b 70 f 
, ee a: 
7 Report ive 07 47-0 6=37 i 
q > 


Ft repeesremcnemeacerarte oo 


CORFIDEN ital 


Solution of Column (7) -- Ps 


fron BRL Report 667, forwmla on page 7: 
a? [2 + (gp 25| (raee)* 

of = 28.0h6 t © 1.0 sec. 

F ms 24.296 (aka)? 


Hence o* for Nghter target is seme as for bomber target (see page 6-5), 


6~18 Report Ho. 63°187-D 


CONFIDENTIAL 


ce 


je eet 
eA ATS OE 


Solution of Colum (8) «« 4 


Feom BRL Report 8607, Formula on page 7 (ae corrected): 


¥, x t= sin @ 
#8200 (ha)? [+ Cag)” | + Cg dg) 25 gat)” 
aia 30° = 1736, VY bad uc ft/sec, T* 1 sec. 


for r = 1800 feet, t= .535 gen, P « 2256 fest 


00 GPE R LIE)? Fg LOFT. re.8 (GED 
« 8100 x .OO7SL z 3.25 + 95.438 
= 0h + 95.18 © 171.22 


me ie lh Cm ee un ont the die te hm nigk one Oi em Asis tet aie Se 


of 


For x % 30600 feet $ * 1.13 see, P= 4580 feet 


of w treo UALS RANE? Fy OHA. aan EB? 
@ 6100 x .00836 x 2 + 39%..35 
# 135.43 + 396.55 = 557.78 


1 
Pr a a a ee ee a ee ee ee ee | 


“ 


Yor 5 « L500 feet & ™ 1,82 ee, P = 7050 feat 


oF = 8100 (HOO S156? 5 21788)? fh ¢ GER)" | 10.8 eee)" 


m B100 x 200966 ¥ 4 3.25 + 934 42 iu 
@ 25h,30 + 934.U2 = 1288.72 f : 
Yor r= 0000 feet «st = 2.69 wea, Pe 9760 feet | 
2 1400 2 2.69 x 2177652 60002 2 
oF wenn HOO2 265 x 1706)? Fh, SOFT u8.8 Ei 


= 8100 x .0119 x 5 + 1790.85 
sl “81.95 * 1790.89 bs 2272 .80 


ee el 


Ba rele MF ome 
remarry 


Bl te emmen a ee Fee 


PA COO A ROTATE ND. 1s A 


CE ad 
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= fficeam 


a, = 95.5, # @ 509.63, 4 @ 629.78 
@ 6555 


o* = 1207.57, 9 of = 1288.2 | 


. 


8; For r= 6000 fest, =A = 95,0, ofw esha, ff = £272.80 


ae Cem eee Nhe ee ae ee ee ee eee oe ee a ee ee 8 ee a ee Ort 


E 
620 Report Ho. OF-187-D po 


a 


te Seep 


280 (1/2 Lond); 90 (fs Load) 


2 tbe A Mahe hehe a Oe We tO eae hy ote ea oe a ate ee ws 


Bor r= 3500 feat reer Fw 32300 | 


For rm 3000 feet, =A, = 15.8, dw 809,63 


; q 2% 
: 4 fa : 99) . se er 


ae a Oe ED OY OR OD es BED Ce a ae Pe et Cl CS A at ea 


Yor + = L800 fact, AL ® B3; oF = 1207.57 


Fn he rr a a a a 


| Pg eh a 
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: | ee ne ee pe ES eRe 


obtain i, fa vine 8? of BRL Renart MM hé2. 


is Tdi 
Yor r= 1500 feet: Pull. lead $* 79 = 8 = 32.238 oH, 06 
Welt lend f= PAH 16.1I9 OR, AD 


Guarter leet == .789 0 Aw 6.060 oH, © 28 


elt cate OO OO ee te a a OE OD hs oe Oe OE aD ab Oth Oh Oh Ob EE OE On OR a Oe we RD 


for r= 3000 feet = Pulllosd = f= SA B29 | BL mE? 
Half lond $°-95 Aw haRyT | HL Ak 
Quarter lod £9850 A 20M OR, © al 


we ee ti ee ae Ge ae ae HOD tm Rh ee ae ee ee ee i ee ee a ee a ee et 


Por r = bS00 feet = Ful. esd $21.02 Aw | BL = 426 
Heng lost = kw 1.02 A= 1,69 OB, ASS 
Quarter load z* 1.026 Ae +885 Ri, al 265 
Yor + = 6900 feet Pull ond {= 2.023 A = 1.648 H, = olds 
Half load #= 1.023 Am 492% H, ™ 6b 


Quarter load % = 1.023 As ,b62 R, = .80 


4 2 wn ae one oP ee ee ee at: er eh Ste at ete eee le tle ke 
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si OL TRL 


ts in the case of the bomber target (p, 6-11), F, may be increased by 


longer time of firing and decreased radius of SO% cirele. | 
Tre following combinations will be considered for r # 6000 feet. 
& 73 2.0 seconis, radius of 50% circle = 3.0 ails 


be ? © 3.0 seconds, radius of SO% circle < 3.0 mils 


Condition &. $= 2.0 sec, CEP = 3 nile,  % 6.497 


4% o* = (6.497 + $ x 28) x 9.67 = 5.47 
4 See page 6-19. 
= LEL.95 + (fa 25) x 9.76" = 1910.82 


bw ,0.t 6.282 x 157LAT 409 
x 6.0 
ta 360) "BOSOM TET © 2 385 OS 


~~ 


a = = 1.3 ™ 58 oli2 
ow) Ref 57 5 


Hs EET 


ea: 
Bi! 


= 
a 
Ss Sh SY Seg tut 


2 2:7, P ‘ 
(nem ee . = 


ea oe oS om oe ee oe ee ee ee ee Oe eee oe ee eo Ne ee OE ee ee ee oe ee eo 


heen 

ya) 

7, 
ie) 


Pipa ait has aaa eee ae 
os ne a RARER ES ae 
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ne 5 | : | 


of = (6,497 + 2 x 25) x 9.76" = 1809.62 
of = KBL.95 + (2 x 25) x 9.96" @ 1672.67 


é = Eos §-868 =z 1807.62 2 1.089 


é bal 2.9! = 3.18 756 olds 
(n = 180) 

a * 2.3 2 59 Pe 2s 
(n = 90} 


terrane 


‘ 
a 
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COMBAT CONDITION NO. 3 
Offset Collizien Courses -- Nehter ve Somber 
All conditions end sysbols sre the sams as for Pursuit Attack {page 6-2) 
except se folices. 
@ @ angle between attecker's path and target path = 15° 
m2 O° 
@ = tine in seconds corresponding to Ut = .98 u, 


a = angie between projectile psth relative to target at impact and terget 
path «= degrees 


X @ lead angle st time of fire -- degrees 


& = atendard deviation of horizentel bias -< nile* 
& = standard deviation in verticel direction -- mile* 


& Horizental and wertical components of round .3 round dispersion 
s Meh cat ae : 
a 


a 
} Seui-axee of an ellipse equivalent to vulnerable target area -- fart 
bv 


Eg, ® expectad number of kills if there were no bias 

¢, taiets Cy = Comronenta of horizontal bias standerd deviations due to 
imperfect input date, residual tracking errors, and 
mecheniss imperfecticna 2 


Pee Seen Sees e 
~ —neggpsnineS ETE IETS re —— lp 
Lame IE, 


Rw ratio of H.E. filler weight to projectile weight 
A} = vulnerable eres read froe Curve 1 of BRL Report 807 for 
am 15° 2. square feet 


A, * vulnerable erea for any 2! ~- square feet. 


COMES Daal Cee conan eaten 
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z . C ore _ es oe rr cr saxanartt 
eT ante UO EN SEAR ENS 


aE Sean a SAE 


SR 


e 1506 3006 i500 6000 


Line Xo. Pr, ~~ feet 
i {p. Gh) ¢ «= sec 
2 tp. Sh) P -- ft 
3 (p. 6h) Ya~ ft/aes 
& (p. 6«28) v- ft/eee 
§ ip. 6-29) res tt 
& tp. 6~30) sin c? 
7 ip. 6=30) ein h 
8 (pe &=31) MT equiv -- 
oO Ap eat 
"10 i 6-32) A, +» aq ft 
22 (p. 432) Gq 
12 (pe 6~33) G, 
23 (p. 6-38) C, 
ik (p. 4635) 3%, 
15 (p. 6-36) Cy 
26 (p. 6=36) C, 
17 (p. 6-39) Cc. 
18 (p. 6-38) re? 
626 


«535 1.13 1.82 2.69 
2250 u580 O50 970 


812298288 «AIL CBSO 

625609 «16282 2TEZL BMRB 

810 07h TB 08 

290 «282.5 28.06 7.5 a 
933.0 | 328.35 32h? 38.5 aa 
38.59 438.60 -38.92 38.82 i : 
36.59 66.15 88.13 201.83 a t 
25.89 100.7% 22.78 392037 (] 
2.98. 8616 13,36 27,08 2 
$1.37  o7obl «1h, rt 
oe Se ee | fn | 
20.07 69.99 3 ae 
13,502 32,988 


~ 
srncaneretoke 


rs 
cw : 
Bei eerarnie ica COT et ie el 


aves 


eR rtnenepetes 


19 (p. 6-38) of 3u8.b9 3082.28 3986 
§ 20 tp. 6-38) of 226.56 S@hb2 2282.5 
§ 2 (p. 6-39} ft 88.97 366 .h2 865.97 
& 22 (p. 6-39) of $1.35 3978.53 896.89 
| 23 (p. 6-kO) 32.03 32.83 32,90 
' zh (p. 6-40) 2.230 293K 
25 (p. 6-ht) 32,42h 30,807 29,029 
26 (p. 6-2) 293.13 67.23 1803.68 
27 {p. 6-43) BE 15.258 1.756 S232 
(8 = 360) 
23 (p, 6-43} 4 7429 3.878 2.566 
; cB = 180) : 
29 (p. 6-h3) 8 3.8h 1.939 1,282 
(8 = 90) 
30 (p. bbl) =, 40.68 = heb 
3 {p. &-hb) % .%63 2 Te 726 
32 (ps S&S} f 9 92 8 
(H = 360) 
3 pe 6ebs 95 of 7 
33 (p j — 
3h (pe GoksS) ¥ Fk 7h 52 
(h = 90) 
You Fy curves sss Figure 6-1, page 6-51. 
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¥ inetiinsidid aa we 


Solution of Line(h)-- ¥, -- Striking Velocity 
eee a Aa a he LE LT NEL LLL TELE OEE NITED N AIS MED EEL SHIA REACT eat 
a from ERE B07, Formia (6), page 5: 
viewer ~ 20y, con a)/2 


¥, a ftfaecy; cos Gm 707 


Pr, = 1500 feat, J = LOSS feat per second 
¥, = (an + ho6s” - 2 x h069 x 81 x .O7)'/# 
m 3542 feet per second 


ty, 3000 feat, U = 3734 feet per sacond 


v, = (eur? + 373% 223732 6x 7)? 
= $231 feet per sscond 


tp * L500 fuet, U = 3362 feat per second 
v, = (8a? + 3361? - 2 x 3381 x azz wr)? 
m 2865 fest par second 


Tp * GOO feet, U = 3S feat per second 
v, = 821" + 30057 ~ 2 x 3005 x 621 x .707)/? 
= 299 feet per second 


ak Oe le RE RG Oe tek ee Por ee a ee Ot le ee oe oe ie we Bk ee 
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pore ee 


= 7 


+ te gglete Bae PUI NRE I 


t.2 


iat ie. ink 
STL 


jess dst Readn hiea A: 


ve je, e* + {te + vet) - 2, tit, * v, &) coe a 


1G feed, € © ,53¢ second 


re fleas x 535)" + (asco + shoo 2 .935)7 ~ 2 x LL = 53S x 707 (as00 


«* 2966 feat 
Ty * OG feet t #@1.15 seconds 
re frexa x 1.23)" + (3000 + 1h00 x 1.23)" * 2x Sli x 1.25 x 7 (3000 
# wo x 1.23)]? 
@ 3957 feet 
Fp © h300 fwet, © 1.82 sevonde 


—< fear = 1.82)" + thSoo + 1u00 x 2.82)" - 2 x Bi. x 1662 x 2707 (S00 
# 1800 x 1.82 yi 


= 6555 feet 
t,* S000 feet, % * 2.69 seconds 


r= fsia x 2.69)* + (6000 + 1h00 x 2.69)" = 2 x BLL x 2.69 x «70716000 


+ uso x 2.69)]2/? 
= 83,0 feet 


eee ee ee 
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* Seach aieeaelal —_— 


“folution of Ling (6) -- sin at 
Prom PRL 807, Pormila (8) page $s 


gin &? ee fan - 


om 8 we ON ee at A i eee el 


for r, * 1800 feet, gin &t mo ne 2207 = 81219 


Ok fe WD oe eh OR ee ee OE a ee ee Oe a eee 


For r, « 3000 fest, gin @t w do X 270? ow pong 


Ce Ae eit en inh ea ey 


for rp" L500 feet, win ot a 22h Eel. 63431 


wm ee ee ee oe re ee ee ee ee oe ee ee ee ee Cr OR Oe ee ee ee 


For 7, = 6000 feet, ete ot w 25 FT w 8501 


tien of Line ow gin 2% 


Fron Rt. 607, formula (9) pege 5s 
v, & cin @ aia’ 
Gi 2, t Sern ™ 


tmemant wm eeemeene ee wee ee oe oe ee oP ee ow mm ee ae ae ee A wm ee oe ele ee 


For r= 1500 feet, win he SEI ROT ws aseuy 


oe a ae ek ES 2 ee a ee ee Om mo ee me we et ae ose at om om a ow a a ob eh ae ee > 


For F, 3000 feat, ein ye SREB OT 16082 


aon om a Gt Of WO ae wi te ws SE A a oe ee ee ee ee ee Oe oF ee ee we ee ee 


Yor r, © L800 feet, ein yw S42 1.92% 7 ow 907 


Ce ee ee ee ee ee ee ee ee 


For r, * 6000 fost, ein y= AE FGF eT we ,18h28 


me 2 ob me OR EO 4 a eh ee em ee om tet ot ee oe a a ea ees 
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| MTL is 
Solution of Line (8) -- INT Bguivaisnt 1 
221.5 lO 1b MOK : 
From BRL 807, formula (11) page 6: 
v ae 
‘NT Zquty (2b) © mR + vgn } mi 
& x 10° +R hit 
For r, * 1SVO feet . : 
TNT Equir = .60 a+ ey = a .810 Ib : 
For t,* HOC feet 
52132 é 
INT Eouiw = 4 [h  arorng) © 37 2b 
eet te fe tae ieee Ig | LN ES NCE EES EN ee EOE } 
Yor r,* 4500 feat 
INT Equiv = .66 a+ = 2) « 18 a : 
For r, # 6000 feet pie : 
MT Equiv © .60 (1 + —2HPF ag) © .708 1 . | 
Solution of Line (10) -- AY Me! 
From BRL 607, Forms (10) page 6: 
For r, 7 1500 fest A, © 290 x 1llh x 08122 = 933.0 0g ft 
For r, © 3000 feet A, = 262.5 x 1.Ulh x 8219 © 328,35 aq ft : 
For r, = 4500 feet A, = 275.0 x Leth x 8349 = 32h.b2 9q ft 
for Tr, 6000 feet, A= 267.5 x 3.hik x .8501 = 321.5 aq ft 
t 
Ruport No. Ge-ib7-D 6-22 


CONF ENTA : 


1 mene ae 


- Solution of Line {ii} = € 


Proa BRL 607, page &: 
6, =) {ela - v:0(e - xg cos 2) ~ rp(2e - x 000 2)} 


Ses ha bk Ab a sae ke a sn ts as a visi? Sl ain ees ak US “co ea e-health 


t § 
fereens 


For r, * 1500 feet 
C, * (Bp) {.538(h069 ~ 100)(1965 = 1900 x .9877) = 1800(2 x 1966 - 1700 x .9677} 


* ea 


a mw we -— - an a oe we a oe ee ee 8 a ee wr a eR ee ee a ah ek ee ee ee ee 


For r, = 4500 feet 


a 
é 
‘ 
S 
t 
' 
t 
‘ 
: 
t 
t 
‘ 
t 
1 
§ 
5 
' 
t 
t 
i 
t 
i 
t 
! 
: 
i 
t 
' 
t 
i 
t 
‘ 
' 
f 
j 
é 
' 
bert tah eed eer od 


othe 
Bote. 
pn each 7 
ran 
Pied 
ate 
a 
‘. a 
f oe 
1 : 


= (£25) fa.82(3381-1100) (6095-4500 x .9882) ~ ks00(2 x 609-450 x .9852)} J _ 
pe ase creado teermeduatea es : i 
Yor r, © 6000 feet . : 
¢, = (==) {2.69(3005-100) (8370-6000 x 983) ~ 6000(2 x 8370-6000 x -923)} ! BS 

= 38.81 J < 


wa 1. Ww eh a ae un a ee ee OO ee oe le OP a on oP em oh am Ge am EP 6 OE Oe OO oe ee ee ee 
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Solution ef line (12) -- G, 
Prom BRL 697, page 93 


oy * ered) feo = VJt ~ fr, - F cos »)} 


OR ‘ee ath cm eG OF OF a ae nie a) fa SE te te A am OE en OER ek ae i Oa ED ON he eee em me le eee ee a 


Por r, © 1800 feet : 


REZ 


* 36.59 


For r, * 3000 Peet 


@ 66,35 


For r_ = 4500 feet 


= 


wah ee Naa le 


For r, = 6900 feet i 


Op « (p00 = S900.) {2005 ~ 1100)2.69 = (6000 = 8370 x .983)} 


wz 101 +83 


we a ee eee ee ee ee ee 
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3 
'] 
» 


3 sera 


© 


“Selutica of tine GIy -- é, 
From BRL G07, page 8 
= (,00h¢ cot 2) ce V,)t + (seme - rp) 


— ee am on a eee ee eR a ee 


For r, * 1500 feet 


Gy * (.00h x «535 x 6.33) {(4069-100).535 + (EE = 1500}} 


ae oF AH Om TE Oe a ee ee ob ie we ee 


For r, ™ 3000 feet 


Oy = (008 x 1413 x 6.07) {(3733=1000)2.23 + (ERE ~ 3000} 


gE rer ternary 


oe te on et Oe a ee om Oe OD ot 8 a oe 


For r, = L500 feet 


Gy = (.008 x 1662 x 5.75) {(3381-2100)1,82 + (BE - Lg00)} 
= 221.7% be 


oh a te oe Oe a ae 8 a GD A oe On me 8 Om ae OE om ws mt ee oe a8 a oe a a ee oe a oe 


For vr, = 6000 feet 


Oy = (.00b x 2.69 x 5.33) £(3005-1000)2.69 +2319 - 6000)} 
= 392.17 


ee ee ee edi 


aan ETE ALES ELSE Oe oo : 


CONFIDENTIAL 7 


Solution of Line {1b} += § be ae 


Prom BAL S07, page 8% 
a, = hfe - wpe - a} 


a Rin we GG OD ST ee NE Oh UE Ee OE te OME it Oe ea eee ee 


For ¥, * 1500 feet 
6, = (82, 592535) {(u0s9-1h00).535 - 1500} 
mo 98% 


wee ar SN a UR OF eet i eR oa aig eh eet Sen RS i Wt int RD ect eee a 
Fer ¥y = 3006 Leet 


o, = (AR es) {¢3753 - 1400)2.13 ~ 3000} 


w 05.16 


For r, ™ hS80 feet ae 
o, = C2 Ege) {(3302 ~ u00)2.62 - aso} 
= «43,36 


} 
t 
Dy 
Ls 


For r, © 6000 feet 
0, = Beg; {¢3005 = 100)2.69 - 600} 


* 27,01 


aw aw a af at we ee et 6 a te ee ee ee ee eet a et fe Pa ee ea 
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«Solution of Line {18} = 


Prom BRE 8607, page 8+ 
Gy # (1.00, - uys 
B, = lkoo ft/sec; & = 137 second 


For r, = 1500 feet Ge * (1.02 x bhOO - b069).137 = 51.37 
For r, = 300 feat Gg = (2.02 x bLO0O ~ 3733).137 * 97.42 
For r, © 4500 feat Gg * (1.62 © WOO ~ 3361).137 © 145.63 
For ry = 6000 feat Gy * G.02 x LLOO ~ 3005).137 = 197.1% 


Solution of line (16) -- 73 


From BRL 807, page §: 


G, = (.002 P) {gf cee © - cot 4} 


a 


Ce ee ee ee eee se eee ee ee ee ee ee ee | 


Ge Ter re = 1500 teat G, * (.002 x 2250) {uoe? % 1.bih ~ 1} = 27.h2 

& Yor r, = 3000 feet G, = (.002 x b580){279? x 1.Lab = 1} © 90.b6 

Por rp = 4500 feet G, = (.002 x roso){AHEL x 1.b3h = 2} = 69.02 

7 Por r, = 6000 fur Og = (.002 x 9760){2008 x 2.uah ~ 2} = 62.75 
. Ee Report Mo. 09+187-D 
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weno 


-§ 


| 


ee 


aren 


ee i 


Salata rem ete tae tad Reet eee a ee eon ea niente 


’ 
Seeettiatanand 


aw 


d . . . ‘ 
cmaananeaoet Seman Se beaetaenl Betataeienite: 


* 
> 


/ 


Gy 


a + ah mn Hh Oe he et et a 


Solution of Line (17) -- cy 
 ? Frome BRE 667, page Os 
og = .03(8 - ¥ 


For t, © 1500 feet 
For r, © 3006 feet 
Yor r, = L500 feet 
For r, = 6000 feet 


Solution of Line (18) -- re, 


fuse 
o 169.2 
cs 1338.8 
o§ 6.3 
1.0 
cf 2638.9 
e 1.8 
c 6412.2 
ze 13,302.2 
Report Ho. :,-26 7D 


By iene ea an eee OEE ERC DURES YE Te 


3000 Feet 

1505.4 

4375.8. 
1h.S 
26.6 


9488.7 
2546.2 
L898.6 


32, 985.8 


a cna, 


76.9 
h9, 1865. 
176.5 
21, 208.2 
ix703..8 
3531.9 


88, 150.4 


Gy = .03(069 ~ 1100) = 6.67 
Gy * .03(3733 ~ 1k00) = 69.99 
6, * .63(3382 ~ 1200) = 59.L3 
c, = 103(3005 100) = : u8.25 


10,369.3 
153, 797.3 
31.2 

38, 864.2 
6847.6 
2328.4 


224 ,43b.2 


6037 


_. Solution of Line (19) en é 


Fron BRL G07, Forauke (14) page 91 


¥ » 7 
ef & sty 057 , tf 
- © d ze 


ae te te 0 a oe oe oe eK ee 8 ee es esa ee 


for 7, * 1500 feet of = (gehh x 707)" x 13,301 * 3hB.L9 
For r, * 3000 feet of = (ggit x . 707)" x 32,896 = 1052.25 
For r, = L500 feet & = (Gib x 707)" x 86,150 = 3526.0 
Yor r, * 6000 fest ft ” gee x .707)" x 23,835 # 11,300.0 


Selution of Line (20) ~o 


From BRL 607, Formula (15) pege 91 


of = (.005 »)* re : ae 
For rp * 1500 feet oe w= (.005 x 2250)” = 126,56 e 
Yor rp 300 feet of = (005 x h580)* = S2h.ta LES 
a 
Yor r, © L500 feet of = (.005 x 7050)" = 122.56 i 
For r, = 6000 feet of = (.005 x 9760)" = 2381. | 1! 
» 
7 
le 
6-38 Beport No. 09-187-D ‘| 
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Solution of Line (21) ~- of 


plated stn nbc rent ce 


Pree BRL 307, pege 9: 
wy 7. 
 * (gah) Wy cose = F) 


& = 18.ch6 for C&P = 5.0 atle, @ = he? 


—-_ oo me oe ee ee ee Oe ee OR oa es ee ee 


For x, * 1900 feet os 2.2507 (gerd x «DT = en x 18.0h6 = 88.97 
Por t,* OO fees & * is.580" (ght x 27 «= sey" x 28.046 = 366.h2 
For r, © 400 feet f= 7.057 (gpd = 707 = $BEh)? x 18.046 = 860.97 
Yor r, = 6000 feet of = 9.76" Ge x «17 - S208)" x 18.06 = 3627.93 
Solution of Line(22)-- é ie ~ 
Fron BRL 857, page ot 

& = (yiag)” & 
For r, = 1500 feet & = 2.2507 x 18.086 = 92.35 
For r, * $000 feet of = 980° x 18.06 = 378.53 
Yor rp = L500 feet f= 7,050" x 18.0h6 = 896.89 
For r, = 6000 feet & = 9.00" 18.06 © 119.06 


wer 


pe 
f 


neh mw Ay & * 8.85 77 etn a for douber target 


A, 


& 
aa Substituting s¢ for « above 
a 4, 
ax 8.89 77 sin at 


i wa a a ie ee eo oe ee ee ee OP ee 2 ee et OS a Be OE ee ee te ek OO OS ee ee le ee a et oe 


Por r, = i500 feet 


© = sue oias * 22-83 toot 


a a a ee te et ree er a a ce 


Yor rv, * 3000 feet 
: b= 326.3, = 3,29 feet 
2 x. =x X 2B: - 


8 Sir sary M3282 fest 


ea a oe oe we ee ee ee 8 ee ee a en 8 a ee a ne te OE eh ee OR OE ok Oe ek OP ee oe ee ee 


For r, « 4500 feet 
ae ‘pO x Bee * » as 7 34h feat 


goo oy © 52.50 tent 
* a 


ai th am we i a ee ee ee oe ee Oe Oe eo oe 8 Oe oe ee Oe em ak Oe 4 oD we ee oe ee me Me 


Fer r, = C000 feet 


3 


deel i z “aes x. #* 3,31 feet 


ie meen = 32,52 feet 


&«Js3 Report Re. 09~167-0 
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<3 


fee tthe: 


sear 


| Solution of fdne (25) -< 


Peon gat 807, Forante (16) page 9: 
r y — 
ee (0 = ¥))%¢et ate @)? for ripples fire cee 7 seconde. 
s 


T= 1.0 second 


De 8 a iti ied 


For r, * 1505 fest 
af wz x 88.97 + 32.89" © (hose ~ 100)" (ged x 707)? xB 
* 3255.75 + 32,168 = 32, h28 
tq 280 


Coe oe ee ee ee ee ee eee se ee ee ee ee ee ee 2 ee ee 2 ee ee ee ee 


For ry * 3000 feet ; 
af = 2 x 366.u2 + 32.83" + (3733 ~ 1200)" (gage x 707)" « b 
@ 1810.65 + 28,996 = 30,807 - 
tq % 175.8 ——~ . : : 


a om a eo eh i a ee Oe a ea ee ee ee se 


Yor r, © L500 feet 
ab = 2 x 860.97 + 32.90" + (3381 - 100)" (gett x 0707)" xf 


p 
i 

4 
bo 
7 

j 


# 280i + 26,215 = 29,019 i 
= 17.5 ; 
7 we On St Tr et GP Wt am om eR ED a am ae om a a a oe ee oe On we ee a ee eh EO ee ee oe on 3 
For r, = 6000 feet 4 
af = 2 x 1627.95 + 32.92% + (3005 - 100)* (gf FE x 707)" x $ 
# 339 4 22,871 = 27,010 ; 
ty = 6h.b 
Report so“ -1487-D Geld 
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Selution of Line {26} «- a 


4y From BRE 867, Formule (17) page 20: 
: | “5 . aay 7 v 
y For r, = 1500 feet 

| of = 2x 92,35 + 3.23" = 193.3 
te, am 33.9 

Fer t,* XO feet 
em 2 x 378.53 + 3.19" = 967.23 
*y x 27.7 


For r, = i500 feet 4 
wf = 2 x 696.89 + 3.24" = 1803.68 a 
ty = h2.5 Soe 


Wee eis OWE ce ete ents wm es wn aka eee ae ene me ete ea ee to 


For r, « 6000 feet 
af = 2 x 1719.06 + 3.32" = 3bh7. 7h 
ty = 58.7 


“Ongena ease ccagag nie 


om ¢ 
o & 


fared Report Se. 09-187. oat} 


in at a ae ae = 3.01h 


Bass cats RO OM hey, ia ne sealed ail Canney Sots Ron s S, 2 


For r,* 3000 feet 
a 5 0) a 2 E2.f z 3212 ww 9,906 
ta Bagg) "EE 8 
ee LS » 1,939 


we OE oe Pe Oe i a em ee aE ee ek eee eee ee ae 


for Ty ™ 4500 feet bs 
z = z + X 3 = §,132 
(xs @°360) hives X . 5 13 
£ wm 52332 » 2.565 
(a #180} 


132 
g  « au © 1.263 
(a =°50) 


twport No. . 16)-B 


1 
t 


sts ee 
aes 


ADA Herero mee 


Fox ry 2 6600 feat 


iH 
4 300 «32.92 x 3.12 
i fa 8360)” ABLE E ST * 2-819 


Solution of Lives (30) and (31) o- G. and ¢ 
From SRL 857, page 8: 


2 2 aa 
i 3 
: oy Gy ty ae ot 
- ae ¥ 2 


ee eataltth a 5 a 
°, Pees 40.68 wv ~~ By % a 5S sd o 63 it a e 


cme ee Uk am hE a Hla anes ah eee om ee i mE a NN OM me 


For r, = 3000 feet ; le le 
O, = gsuee rae = Us.6h * cls “ry * +732 : io 
Sennen BE Nm OT {| bi 


Yor vp ® L500 feat 


29,019 1909.66 ys 
C, = ax 3526 © 4s Cy * wrasse “+7 1 
eae) ee es ee a te EO eo om a ue ae 2) ae me ne i- 


Yor 1, = 5000 feet 1 


27,01) 2s? 
Ores 7 1195 Oy = re esertn = * 7 


i» 

nn) 

nw | 
Yoghe | 


B~idh Report No. O3-187=" 


-_ CONFIDENTIAL " 


Uc 
Selution ef Lines (32) threagh (34) ~- P 
= 


Use gupplemantary grepha in “aleulatiene for Kill Probabilities of 3 to Fem 
Gun Mechendea" dated 26 October 1953. 


Gotain q. Bmi-g¢ 
For ry = 1500 feet CG, * 40.68 GC, = 53 
%, @ 15.258 (a = 360) Q* ,0} Bet. y* o99 Ret. 
= 7.629 (n= 160) q @ 05 Sst. F & 95 Ret. 7 # 
R= 3.81b (n= 90) a ™ 09 Bet. P= 91 Bat. | 
me OE SE EO OE SE Gm eee mm tee Unb Gh eh ne RD SUD Lab ms mb Om ek om tls ae a a ot we nd - ae 
For r, = 3000 feet CG, # 1.64 G, = «12 


¢ = Pw ® -] a 72 

v 
gE, baad 97.755 (n = 3) a a9 OF 208 Fe = 32 
%, 3.876 {a » 266 qs wi? ol6 06 Fe = 8h 
7 21,939 in = 90) q = 036 029 «29 Fy =f 


For r, * 1500 feet G, * bis CG, = . 725 

cy bead ° e ® 
&. = 8,132 (a * 360) qs lS «ly lk F a 86 
gE, a 2.566 (n = 180) q* PS. «) +30 P‘ ¢] f rw ,*) 
k, bad 1.283 (n 2 9) q = old oi? 6 re x 052 
Fer r,* 6000 feet c. * 1.195 C, = 7h 

c, = a8) * ( J Tel 
3, a 3.819 (n = 3655 ga ont 226 «26 ke * .% 
B, @ 7-910 (n® 160) qe h3 ok3 43 F, #057 
£, = 95S (n=) gq 063 263 63 PB. @ 237 

Foe ee ore ee eT eT A Oe a AEE OER. OnE 
# Thess points fall outside of the fanily of C, curves, but are compe tible 
with ripple fire a at 1500 feet at the bottom of paws 6, Caloulsaions fr 
F 


Kill Probabilities" dated 26 October 1953, They are eleo comparcols with 
the pursuit case and feiz inte Py © 1.0 at rm 0, 
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in order to invertips se the effect of a higher rate ef fire at lcagr 


range, let us assum T= .50 second instesd ef 1.0 secon? ag in the onicula- 
tiona. 
For Fr % 4000 feet (See page 6-h1) 
2 
ad = L339 + (3008 ~ 1:00)" (gPlh x 2707)? x 220 


# 10,007 
*, ™ 100 
(See page 6-42) 
ty = 68,7 
B, is inversely proportione] to ,. Hence (See pare 6-k3) 
E, # 3,819 x 3G * 6.278 ‘ 
(See page 6-14) 
16,00 
6. * aed = .b28 3 
- (See pege 6-14) asus f ee 
5 aba , ae 
Frow graph: q* .33, By = 267 a ES 
Sintlerly, assuming a firing time of .8 second, all other conditions | : 


remaining the sens 
#2 = L339 + 1b,509 = 18, 6L8 


| Savors A Sem 
10 NORMED Rt EIEIO SARTE EI ww 


tq * 137.3 

g, = 3.019 » Bid » iss . 

0, = FAs © «63h fe 

Cwm eR ER ; 
Site ahi ae ee eee ee a 


bokd Papert No, 09~187-D i 
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Similarly, assuming a firiog time T= 2.0 asconds: 
a2 21339 + 90,681 * 95,023 
ty 2 308.3 


16.4 
. = 3.819 = ce! = 2.0L5 


O24 
¢,* aes = k.20b 
¢, w , als 
g * od? Py = .63 


Renee, it osy be seen that for the full complement of ammunition, i.e., 


a 


460 rounds, fired at a future range of 6°00 feet, 1.0 second of firing time is 


shout the optimus rate in order to obtein the saxcinum kill probdebility. 
In order to obtain the optimum firing rate for ail. condiidons on a 
eollision course attack, a detailed study would be required. At any rate, 


it say be geen that 2 varieble firing rite is deeirsbis depending on conii= — 
tions encountered. : i 
Comparieon of Figures 6-2 and 6-4 (immediately following) shows there 7 
de Little to choose between the pursuit ani L5° offset collision courses 
against a tember. Apparently, when the kill probabilities ase very high, the 
f. inerease in target ares with geometry ie relatively unimportant. However, the > 
4uprowed probability of fighter survival would still recommend attacking on 
the beam aspect, particuiariy et shorter ranges. At longer range, the proba- 
pity of Mghter survival increases umier the specified combat conditions, e 
—emine etiep ler fire control probles say therefore be a detemining factor in select- 
ing a pursuit attack in that or se, 
b 


Ropert Ne, 9. dc?--D E=hi7 


2 


3 4 


Figere 6-1. combat No, 1 = Lead Pursuit Course ie ee 


3 € 7 8 ‘| 
* Sighter +a Anker 20,000 Feat. 
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Keors 62. Comtat Kos i a Lead Pursuit Course * 
Fighter ws ember 20,000 Feet 
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3 

Ne 

ages ceva ey Sines cts yg aal Se wal Ra tite it 

© , hh ea KC e airs Jacked 
Age ke AO ARE Sele Sete ects aie at, RL a 


i YEP RRR ee. a ors 


| OESIRED MIN. «. 28 5 wiTH FULL mia = 
ol at DAT 6.000 FT. ise | -” I 


RANGE — 1000 FT, 


- 


2 3 4 
Pizgce Goi, Gembat No. 2 — Lead Porwalt Course 
Fighter vs Fighter 20,000 Feet 


Susi on Repeats Bee OF-LTE-O 


% . 
: v 
i feo Se t Pi t ‘ e cae im ie 


vit 


FUTURE RANGE ~ 1000 FT. 


o t+ @ 3 4 s 6 ? 


Figure é<k, Combat Hoe 3 «= offset Collision Course & 
Fighter we Sasber 45° aff Tad 26,500 Feet 
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SZSTICN 7 
LOOISTIC CONSIDERATIONS 


et 


Th organicing of saintenance and spare parts supply in the field is « 
wajor problem in the consideration of combat application of any new wescon. 
This is espectaliy true of automatic weapons of 2mm and higher caliber. “he 
complexity of exvisatic sechanions, por se, causes great cmmlexity of stexvize, 
maintenance, atel supply. 

The sumber of spares necessary to maintain the opsen-cheoer gon is 
ainiuized by cxparetively loose tolerances and the elimination of reciprocating 
parte. It is quite poseibie that +h barrele will need replacement after firing 
amt the 001) complement of ammiai’‘ «. after one o¢ tuo miesions. Assuming that 
te be true, the overall ozpendable weight would be only 12% higher than the 
somnition clones. Cortwiee, the percemiage of increase (coneidering the barrels 
expenishie) would be even less. This is believed to be of minor consideration 
in view of the high kill probabilities achieved. 

dastition seppiy is ancther logiatic problem encountered with automatics 
weapons hearing high firing rates. This probles: ia alleviated to sone extent by 
the reduction of storage volume of the special aumnition for the open-chanber 


gan. This reduction may be as high as 30% over conventionsl ammunition of 
similar beliistic performance. 
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